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GEOHYDROLOGY AND WATER QUALITY OF THE 
DURHAM CENTER AREA, DURHAM, CONNECTICUT

by Robert L. Melvin, Janet Radway Stone, Patrick A. Craft, 
John W. Lane, Jr., and Bruce S. Davies, 3d

ABSTRACT

Contaminated ground water is wide 
spread and persistent beneath the Durham 
Center area in the town of Durham, Conn. 
Most of the contaminants are organic halides, 
usually trichloroethene, 1,1,1 -trichloroethane, 
and tetrachloroethene. Less extensive chemi 
cal contamination of surface water, soil, and 
glacial sediments also has been detected. Two 
manufacturing companies, located at the 
northern and southern ends of this largely resi 
dential area, are believed to be the principal 
sources of the organic compounds detected in 
ground water.

The contamination of water in the bed 
rock, the primary source of drinking water 
throughout the area, is the major environmen 
tal concern. Maximum concentrations of 
trichloroethene in three bedrock wells range 
from 4,500 to about 5,500 Jig/L (micrograms 
per liter). Concentrations of trichloroethene 
greater than 5 jig/L, the maximum contami 
nant level established for drinking water by 
the U.S Environmental Protection Agency, 
have regularly been detected in water samples 
from many other bedrock wells for at least 
9 years.

The geohydrology of the area is highly 
complex. Compact lodgment till that is up to 
30 feet thick and probably fractured, overlies 
the bedrock. The bedrock is lithologically het 
erogeneous, and consists mostly of red fluvial 
sandstone, siltstone, and conglomerate; it is 
locally interbedded with black lacustrine 
shales and gray sandstones. Lithology and 
stratigraphy interpreted from borehole-geo 
physical logs at Durham Center are consistent 
with the Portland Formation subfacies 
described in earlier geologic studies. Beds

strike nearly north-south and dip gently east 
ward. At least one high-angle normal fault 
transects the bedrock; it strikes northeast and 
dips northwest. Acoustic televiewer logs, mea 
surements at outcrops, and azimuthal, square- 
array, resistivity data indicate a dominance of 
northeast-striking fractures that dip steeply 
northwest and southeast. Less prevalent strike 
directions are north to east-northeast.

The till and sedimentary bedrock are 
dual-porosity, dual-permeability media. The 
hydraulic conductivity of the bulk mass of till 
is believed to be on the order of tenths of a 
foot per day to about 2.5 feet per day, with a 
total porosity of about 25 percent and an esti 
mated average fracture porosity of less than 
1 percent. The reported transmissivities of the 
bedrock range from less than 1 to about 
1,700 feet squared per day and storativity is 
generally about 10"4 , but the accuracy of these 
values is uncertain. The intergranular porosity 
of the sandstone units is estimated to average 
5 percent, and estimates of fracture porosity 
from square-array, resistivity soundings at 
two sites were 1.1 and 2.7 percent.

The bedrock has characteristics of both 
a single aquifer and a multi-unit, artesian or 
leaky aquifer system. A local ground-water- 
flow system that includes the upper part of 
the bedrock is unconfined. A large-scale flow 
system in deeper parts of the bedrock has 
transported organic compounds across topo 
graphic drainage divides. Borehole-geophysi 
cal logs and head measurements indicate that 
the natural ground-water-flow system in the 
bedrock has been altered by drilled wells that 
connect fractures and by withdrawals from 
wells. A conceptual model of the movement 
and fate of organic contaminants suggests that
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(1) nonaqueous phase organic halides are 
retained near their source; (2) flow is prima 
rily through fractures in the till and through 
fractures and bedding-plane openings in the 
sedimentary rocks; (3) retardation of contami 
nants occurs primarily by diffusion from frac 
tures into the aquifer matrix; and (4) transport 
directions of dissolved organic halides are 
controlled by a combination of natural hydrau 
lic gradients, hydraulic gradients produced by 
the cyclical pumping of wells, and by the 
strike directions of bedrock faults, fractures, 
and bedding planes.

INTRODUCTION

In 1992, the U.S. Geological Survey 
(USGS), in cooperation with the U.S. Environ 
mental Protection Agency (USEPA), began 
geohydrologic investigations of selected sites 
of ground-water contamination in New 
England. These sites are on the National Prior 
ities List (NPL) (U.S. Environmental Protec 
tion Agency, 1988, 1989), which was 
developed under the authority of the Compre 
hensive Environmental Response, Compensa 
tion, and Liability Act of 1980, as amended by 
the Superfund Amendments and Reauthoriza- 
tion Act of 1986 (commonly known as Super- 
fund). The objective of these investigations 
was to develop a preliminary characterization 
and understanding of the regional and local 
geohydrology of the sites using existing data, 
supplemented by a limited amount of new data 
primarily collected by methods other than 
drilling or excavation. The geohydrologic 
characterization can be used to aid the devel 
opment of Superfund Remedial Investigation/ 
Feasibility Studies that will be required at 
these sites.

Durham Center, the second area in New 
England selected for study under the USGS- 
USEPA program, is a long-established residen 
tial, industrial, and commercial area that bor 
ders Main Street (Connecticut Route 17) in the 
town of Durham, Conn. (fig. 1). Extensive 
degradation of ground-water quality by

organic chemicals has taken place in this area 
and less extensive contamination of soil and 
underlying glacial deposits has been detected 
at the sites of two manufacturing companies 
(Leggette, Brashears, and Graham, Inc., 1982; 
Roux Associates Inc., 1983, 1988, 1990a).

In 1982, DEP issued pollution abatement 
and water-supply orders to Merriam Manufac 
turing Co. and Durham Manufacturing Co. 
because DEP considered these companies to 
be the likely source of the ground-water con 
tamination in the Durham Center area (The 
Hartford Courant, 1983; The New York Times, 
1984). USEPA evaluated the Merriam Manu 
facturing Co. facility in 1985 (R.J. Ross, NUS 
Corp., written commun., 1985) under authority 
of the Superfund program. In 1988, USEPA 
concluded that the site, whose name had been 
changed from Merriam Manufacturing Co. to 
Durham Meadows was appropriate for place 
ment on the NPL (U.S. Environmental Protec 
tion Agency, 1988). The Durham Meadows 
site was added to the NPL on October 4, 1989 
(U.S. Environmental Protection Agency, 
1989), although there was some uncertainty as 
to the boundaries of the site and whether 
sources of contamination other than Merriam 
Manufacturing Co. facility should be part of 
the site. Subsequently, both Merriam Manufac 
turing Co. and Durham Manufacturing Co. 
were included as possible sources of contami 
nation (U.S. Environmental Protection 
Agency, 1994) and notified that they were 
potential responsible parties for investigation 
and remedial activities at the Durham Mead 
ows Superfund site (M.S. Hohman, U.S. Envi 
ronmental Protection Agency, written 
commun., 1993).

1 The use of trade, product, industry, or firm 
names in this report is for identification or location 
purposes only, and does not constitute endorsement 
of products by the U.S. Geological Survey, nor 
impute responsibility for any present or potential 
effects on the natural resources.

2 Durham Meadows is the geographic name of a 
wetland located west of Durham Center.
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Purpose and Scope

This report describes the geohydrology 
and water quality of the Durham Center area. 
It summarizes the findings of several published 
and unpublished reports and maps that were 
reviewed as part of this study, as well as infor 
mation obtained from files of the USEPA, 
USGS, the Connecticut Department of Envi 
ronmental Protection (DEP), the Connecticut 
Department of Health Services (DOHS), the 
town of Durham, and Regional School District 
13. The report also contains the results of field 
work, which included an extensive inventory 
of wells; detailed geologic mapping, with 
emphasis on interpreting the lithology and 
structural features of the sedimentary bedrock; 
surface-geophysical surveys; borehole-geo 
physical surveys; and measurements of stream 
stage, streamflow, and water-level fluctuations 
in wells. The surface-geophysical surveys 
included 2 square-array, direct-current (dc) 
resistivity traverses; 2 square-array de-resistiv 
ity soundings; 5 very low-frequency electro 
magnetic (VLF-EM) traverses; and 7 ground- 
penetrating radar (GPR) profile lines. The 
borehole-geophysical surveys, in 13 drilled 
bedrock wells, included several combinations 
of caliper, temperature, gamma, fluid-resistiv 
ity, focused-resistivity, self-potential, sponta 
neous-potential, acoustic-televiewer, and 
acoustic-velocity logs. Heat-pulse flowmeter 
measurements were made at selected depths in 
8 wells and television camera logs were 
recorded on video tape for 10 wells. The report 
also describes a conceptual model of the 
movement and fate of organic contaminants in 
ground water at Durham Center that should 
provide guidance for any subsequent remedial 
investigation and feasibility study.

Previous Studies

The Durham Center area was included in 
a regional hydrologic study of the lower Con 
necticut River basin (Weiss and others, 1982) 
and in a hydrogeologic study of the town of 
Durham (Klimenok, 1989). The bedrock and

surficial geology of the area are described in 
maps and reports by Simpson (1968a, 1968b), 
Rodgers (1985), LeTourneau (1985), LeTour- 
neau and McDonald (1985), and Stone and 
others (1992). In March 1970, several com 
pounds, including tetrachloroethane and chlo 
roform, were found in water samples collected 
by the DOHS from the well supplying the 
Durham High School (now the Frank W. 
Strong Middle School) and from Ball Brook 
(fig. 1) (G.G. Bonadies, Connecticut Dept. of 
Health Services, written commun., 1970).

No subsequent water-quality investiga 
tions are known to have taken place until the 
DEP initiated a survey of ground-water quality 
in 1982. During a 14-month period (January 
1982 to February 1983), 78 separate water- 
supply sources were sampled and analyzed by 
the State and 14 of these sources were resam- 
pled and reanalyzed. Additional analyses by 
private laboratories of samples from six other 
water-supply sources were collected during 
this period. Analyses of samples for the Janu 
ary 1982 to February 1983 period represent the 
most comprehensive data on ground-water 
quality in the Durham Center area. The organic 
halides trichloroethene (TCE), 1,1,1 -trichloro- 
ethane (1,1,1-TCA), and tetrachloroethene 
(PCE) were the most commonly detected com 
pounds, but several other hydrocarbons were 
detected less frequently. Most water samples 
were collected from drilled domestic wells that 
tap fractured sedimentary bedrock; the rest 
were from dug wells that tap glacial till or 
from springs.

Several studies have been done to 
comply with DEP Pollution Abatement Orders 
issued in 1982. Leggette, Brashears, and 
Graham, Inc. (1982) studied ground-water 
contamination in the southern part of Durham 
Center. This study included an aquifer test to 
determine hydraulic properties of the bedrock 
and an analysis of flow and water quality in the 
upper part of the saturated zone above the 
bedrock. This firm also completed a soil-gas
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survey in June 1992 on properties located 
southwest of the Durham Manufacturing Co. 
(Robert LaMonica, Leggette, Brashears, and 
Graham, Inc., written commun., 1992).

P.H. Roux Associates Inc. made a series 
of studies in the northern and central parts of 
the Durham Center area. The first study (Roux 
Associates Inc., 1983) assessed the contamina 
tion of soil, glacial sediments, and ground 
water at Merriam Manufacturing Co., summa 
rized the DEP water-quality data, and made 
recommendations for further study. An addi 
tional study, made on behalf of Merriam Man 
ufacturing Co. in 1988 (Roux Associates Inc., 
1988), included more extensive investigation 
of the contamination of soil and glacial sedi 
ments, installation of bedrock monitoring 
wells, and collection and analyses of ground- 
water samples. An analysis of water-quality 
data led to conclusions about the general direc 
tions of ground-water flow, relations between 
TCE concentrations in water from bedrock 
wells and proximity to Merriam Manufactur 
ing Co., and seasonal trends in TCE concentra 
tions in ground water.

A second phase of the site investigation 
at Merriam Manufacturing Co., starting in 
1989 and ending in March 1990, is described 
in three reports (Roux Associates Inc., 1990a, 
1990b, and 1990c). This investigation included 
additional study of the contamination of soil 
and glacial sediments on the Merriam property, 
assessment of ground-water flow eastward to 
adjacent wetlands, fracture-trace analysis, 
installation of additional bedrock monitoring 
wells, and hydraulic tests of selected bedrock 
monitoring wells (includes testing intervals 
isolated by a packer). The study identified 
principal areas of contaminated soils and gla 
cial sediments, presented evidence of eastward 
flow of ground water, established a relation 
between orientation of fracture traces and 
higher concentrations of TCE in domestic 
wells, and found that TCA rather than TCE 
had become the dominant organic contaminant 
in some on-site bedrock monitoring wells.

Roux Associates Inc. made a soil-gas 
survey at Merriam Manufacturing Co. in 
August 1990 (D.A. Costolnick, Roux Associ 
ates Inc., written commun., 1990) and col 
lected and analyzed samples of soil and glacial 
sediments from two new borings in November 
1990. Additional piezometers were installed 
east and northeast of Merriam Manufacturing 
Co. in November 1990 (Roux Associates Inc., 
1990a), and in 1991, a water-quality screening 
program was proposed (Roux Associates Inc., 
199la). This latter report (Roux Associates 
Inc., 199la) also summarized the water-quality 
data collected during August 1988 - October 
1990, evaluated water-quality trends during 
this period, and estimated where the perimeter 
of the plume of contaminated ground water 
associated with Merriam Manufacturing Co. 
was located.

The most recent study for Merriam Man 
ufacturing Co. included a soil-gas survey at 
Merriam Manufacturing Co. and sampling and 
analysis of storm-water runoff from the roof of 
Merriam Manufacturing Co. (Haley and Aid- 
rich, 1992). This study, made in July and 
August 1992, found TCA, TCE, and PCE at 
most soil-gas sampling sites and low concen 
trations of TCA in runoff from the roof of 
Merriam Manufacturing Co.

In August, 1989, Roy F. Weston Inc., 
under contract to USEPA, collected shallow 
soil samples at Merriam Manufacturing Co. 
and a water sample from the company's pro 
duction well. Analytical results are contained 
in a report prepared for USEPA (Roy F. 
Weston Inc., 1989). Metcalf and Eddy Inc., 
also under contract to the USEPA, collected 
samples of surface water, soil, and stream-bot 
tom sediment in the Allyn Brook watershed in 
July 1993. These data, together with previous 
analyses of water, soil, and glacial sediment, 
are included in a data compilation prepared for 
USEPA (Metcalf and Eddy Inc., 1994).

INTRODUCTION



PHYSICAL AND HYDROLOGIC 
SETTING

Physiography and Geology

Durham Center is near the eastern border 
of a broad north-south-trending lowland in 
central Connecticut and Massachusetts; this 
lowland is variously known as the Connecticut 
Valley Lowland, the Central Lowland, or the 
Hartford Basin (fig. 1). The lowland is divided 
into eastern and western sections by a band of 
locally offset, narrow, linear ridges called 
traprock ridges. Several miles to the west and 
south of Durham Center, traprock ridges rise 
600 to 800 ft above sea level. About 2 mi to 
the east of Durham Center, the Eastern 
Highlands of Connecticut also reach altitudes 
greater than 700 ft. Durham Center, which is 
located on the north-central part of the Durham 
7.5-minute topographic quadrangle map, lies 
on a low hill that rises to about 240 ft above 
sea level within a broad basin defined by the 
surrounding higher hills (fig. 2). This basin 
slopes northward and is drained by the 
Coginchaug River, which flows through a low- 
lying, fairly flat area, Durham Meadows, just 
west of Durham Center. To the east of Durham 
Center, a less extensive flat-lying area is 
drained by Ball Brook and Hersig Brook; these 
join north-flowing Fowler Brook and become 
Allyn Brook, which flows westward through a 
rock gorge to Durham Meadows and the 
Coginchaug River.

The physiography of the area is a result 
of geologic processes acting over an extended 
period. Differential effects of erosional pro 
cesses on the lithology and structure of the 
underlying bedrock, including those of rela 
tively recent continental glaciation, produced 
the existing configuration of the bedrock sur 
face. Deposition of glacial sediments during 
the retreat of the last (late Wisconsinan) ice 
sheet and minor postglacial stream erosion

modified the bedrock surface, resulting in the 
present physiography.

The geology of the area is shown in fig 
ure 3. Highlands to the east of Durham Center 
are underlain by erosion-resistant, crystalline 
(metamorphic and igneous) rocks of Paleozoic 
age including schist, gneiss, and intrusive peg 
matite (figs. 3a and 3c). The traprock ridges to 
the west and south of Durham Center are 
formed of highly resistant, igneous rocks con 
sisting of tholeiitic basalt of Early Jurassic age. 
These rocks are eastward-dipping massive lava 
sheets and are extensively fractured by joints 
that formed when the lava cooled.

The area beneath Durham Center, as well 
as the rest of the Connecticut Valley Lowland 
(exclusive of the traprock ridges), is underlain 
by layered sedimentary rocks that are more 
readily eroded and weathered than the meta 
morphic or igneous rocks. These rocks include 
sandstone, siltstone, shale, and conglomerate 
that accumulated in an asymmetric, block- 
faulted, rift basin during Late Triassic to Early 
Jurassic time. The basin was created by verti 
cal downward movement along a west-dipping 
normal fault, which is composed of a series of 
north- and northeast-striking segments. This 
fault (the Eastern Border Fault) marks the east 
ern extent of sedimentary rocks in contact with 
crystalline rocks of the Eastern Highlands. 
Sediment was deposited by rivers that flowed 
from the east and west into the rift basin; sedi 
mentation was concurrent with rifting and 
sinking of the basin, so that movement on the 
Eastern Border Fault strongly affected deposi- 
tional processes in the basin (Eaton and Rosen- 
feld, 1960; LeTourneau, 1985). Exposed strata 
typically dip 10° to 20° east toward the border 
fault. In the central part of the basin, many 
northeast-striking, west-dipping, normal faults 
cut and offset the traprock ridges and sedimen 
tary rocks.
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Figure 2. The Coginchaug River basin, Conn.
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The sedimentary rocks are predomi 
nantly red to reddish brown due to the pres 
ence of authigenic hematite (iron oxide) 
pigment on sand-grain surfaces. The sediments 
are fluvial and include alluvial-fan, braided- 
stream, and mudflat deposits. Locally, gray 
lacustrine sandstones and black shales are 
interbedded with the red brown layers. Follow 
ing deposition, the sediments became indu 
rated by precipitation of albite overgrowths 
and carbonate cements, forming the now well- 
consolidated rocks with relatively low porosi 
ties.

Thin patches of saprolite or weathered 
bedrock are present only locally in this region 
because most weathered bedrock was removed 
and redeposited as drift by multiple episodes 
of continental glaciation. Glacial sediments 
directly overlie fresh, unweathered bedrock in 
this area (figs. 3b and 3c). Till, deposited dur 
ing at least two glaciations, overlies bedrock in 
most of the Durham area. Several smooth, 
north- and north-northeast (NNE)- trending 
hills in Durham (for example, Strawberry Hill) 
are drumlins composed entirely, or almost 
entirely, of till. The bulk of sediment in these 
drumlins is believed to be very compact, rela 
tively fine-grained, fractured, drumlin (lower) 
till deposited during the earlier (Illinoian) gla 
ciation (Stone in Weddle and others, 1989; 
Melvin and others, 1992a, 1992b).

During the retreat of the last (late Wis- 
consinan) ice sheet, thick accumulations of 
sediment (stratified drift) were deposited in 
bedrock valleys by glacial meltwater (fig. 3b). 
Most of the stratified drift in the Durham Cen 
ter area was deposited as deltas and lake-bot 
tom sediment in glacial Lake Coginchaug, a 
temporary, ice-dammed lake that occupied all 
of the Coginchaug River valley as well as trib 
utary valleys. The water level of this glacial 
lake in the Durham Center area was approxi 
mately 300 ft above present sea level; the lake 
was impounded by the ice margin to the north 
and spilled out across the drainage divide to

the south through an outlet at an altitude of 275 
ft. Deltas composed of sand and gravel were 
built into the lake in places along its margins; 
fine-grained sediment settled out in quiet water 
in the central parts of the lake. When the ice- 
margin retreated farther north into Middle- 
town, Conn., lower outlets became available, 
draining the glacial lake and allowing the Cog 
inchaug River to flow across the lake bed 
(Durham Meadows). Tributary streams such as 
Allyn Brook locally built thin, coarse-grained 
alluvial fans on top of the glacial lake sedi 
ments.

Hydrology

The regional hydrology of the Durham 
Center area has been described by Weiss and 
others (1982) and general patterns of ground- 
water flow are discussed by Klimenok (1989). 
Surface water flows directly into the Cogin 
chaug River or its tributaries in the Allyn 
Brook subbasin. (See fig. 2.) Hydrologic data 
for the area are contained in both of these 
reports, as well as in Bingham and others 
(1975), Roux and Associates Inc. (1988, 
1990a, 1990b), and the annual series of USGS 
data reports titled "Water Resources Data for 
Connecticut."

Durham is in the State's Southeast Hills 
climate regime (Brumbach, 1965). The 
National Weather Service (NWS) has a long- 
term station located at Middletown, Conn., 
about 4.5 mi northwest of Durham Center. 
Data collected at this station for the 30-year 
reference period 1951-80 (National Oceanic 
and Atmospheric Administration, 1992) show 
a normal annual temperature of about 50°F and 
a normal annual precipitation of about 50 in. 
The coldest month is January (normal temper 
ature of 27.4°F) and the warmest is July (nor 
mal temperature of 72.5°F). Average monthly 
precipitation is, in general, evenly distributed 
throughout the year (Weiss and others, 1982) 
but the precipitation in any given month varies 
considerably over a long-term period. Average

14 GEOHYDROLOGY AND WATER QUALITY OF THE DURHAM CENTER AREA, DURHAM, CONNECTICUT



annual precipitation calculated from data col 
lected at the NWS station at Middletown, 
Conn., for the 30-yr period January 1962 to 
December 1991 is shown in figure 4. During 
this period, the annual precipitation ranged 
from 36.5 in. (1965) to 69.2 in. (1983) and 
averaged 49.9 in. Runoff from the Coginchaug 
River basin has been measured over most of 
the same 30-yr period by two continuous- 
record USGS gages shown in figure 2 (station 
011928.90 from 1962-80 and station 
011928.83 from 1982-91). The runoff com 
puted by calendar year ranged from 11.4 in. 
(1965) to 45.2 in. (1983) and averaged about 
26 in. The average annual evapotranspiration 
during this period is estimated to be equal to 
the difference between the average annual pre 
cipitation and the average annual runoff about 
24 in.

The annual evaporation is relatively con 
stant for a given location (Weiss and others, 
1982). Therefore, for the 30-yr period 1962- 
91, the average annual remainder of approxi 
mately 26 in. of water (1) runs off the land sur 
face to nearby streams, swamps, and lakes

(direct runoff) or (2) percolates to the saturated 
zone and is withdrawn by wells or flows to nat 
ural discharge points such as streams, swamps, 
lakes, and springs.

Three geohydrologic units are present in 
this area: stratified drift, till, and sedimentary 
bedrock. Stratified drift and till are unconsoli- 
dated glacial deposits, whereas sedimentary 
bedrock is consolidated rock that ranges in tex 
ture from shale to conglomerate. The areal dis 
tribution of these units is shown in figures 3a 
and 3b, and subsurface spatial relations 
between the units are shown in figure 3c. 
Coarse-grained stratified-drift deposits 
(coarser than very fine sand) that are thick and 
extensive form the major aquifers in Connecti 
cut. Most of the stratified drift near Durham 
Center, however, is composed of fine-grained 
glaciolacustrine sand, silt, and clay (fig. 3b). 
These deposits have low permeability and are 
poor (low-yield) aquifers. Stratified drift, 
under natural conditions, receives recharge 
from precipitation that percolates down to the 
water table. The long-term average annual 
recharge to stratified drift from precipitation 
has been estimated by a regionalization tech-

1967 1972 1977 1982 1987 1992

Figure 4. Average annual precipitation at Middletown, Conn., January 1962- 
December 1991.
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nique (Cervione and others, 1972>Mazzaferro 
and others, 1979) to be equal to about 90 per 
cent of the average annual runoff, or 23.4 in 
for the Durham area.

Till usually has low permeability and 
may be unsaturated or have only a thin satu 
rated zone for much of the time. Although till 
is rarely used as a source of water supply, it is 
still an important geohydrologic unit, serving 
as a connection between the land surface and 
underlying bedrock aquifers in most of this 
area, as shown in figure 3c.

Bedrock is the principal aquifer for on- 
site domestic water supply as well as for small 
on-site commercial, industrial, and institu 
tional supplies. Water in the bedrock aquifers 
is primarily transmitted through networks of 
interconnected open fractures (joints and 
faults) and openings formed along bedding 
planes in sedimentary rocks. Yields of wells 
that tap sedimentary rocks and the other types 
of bedrock aquifers in this part of Connecticut, 
reported by Weiss and others (1982), are 
shown in figure 5. The yield shown in figure 5 
may underestimate the potential of the bedrock 
aquifers because most of the wells were drilled 
for domestic use and large yields were not 
required.

Separate estimates of till and bedrock 
recharge rates have not been made. However, 
an aggregate rate for both units has been 
estimated using the regionalization technique 
described by Cervione and others (1972) and 
Mazzaferro and others (1979). The combined 
long-term average annual recharge to till and 
bedrock is estimated to be 30 percent of long- 
term average annual runoff, or about 8 in., for 
the Durham area. Recharge occurs over most 
of the landscape except in low valleys, which 
are predominantly discharge areas.

Surface-water and ground-water flow in 
most of Connecticut are localized within 
basins drained by perennial streams and, under 
natural conditions, each basin is considered to 
be a closed system (Melvin and others, 1985, 
p. 161). That means the water entering a basin

is limited to the precipitation that falls within 
the basin divides, surface-water drainage 
divides are coincident with the lateral bound 
aries of ground-water flow systems, and water 
leaves the basin only by evapotranspiration or 
as streamflow. An idealized pattern of surface- 
water and shallow (upper part of the saturated 
zone) ground-water circulation in the Durham 
Center area under the typical natural flow regi 
men is shown in figure 6. Klimenok (1989) 
assumed that the ground water is unconfined in 
Durham and produced a water-level contour 
map using water levels in drilled wells and 
altitudes of stream reaches and ponds (Kli 
menok, 1989, fig. 13). The contours on this 
map are a subdued reflection of the surface 
topography and show a general pattern of hori 
zontal ground-water movement toward the 
Coginchaug River valley from both the east 
and west.

Weiss and others (1982, p. 26) proposed 
that large-scale ground-water flow systems 
may be present in the sedimentary rocks of the 
Connecticut Valley Lowland. In these large- 
flow systems, surface-water drainage divides 
and boundaries of ground-water flow systems 
may differ and some ground water flows 
across the topographic divides that separate 
drainage basins. Certain water-quality data and 
historic data on hydraulic heads in the bed 
rock, subsequently described in this report, 
indicate that this regional ground-water flow is 
present in at least part of the Durham Center 
area and is controlled by bedrock structural 
features and is affected by withdrawals from 
wells.

Water Use

The source of the water used in the study 
area is ground water, almost all of which is 
withdrawn from the sedimentary bedrock. Part 
of the area was served by a public water com 
pany, until 1979, when the company's supply 
source, a spring located on the Durham-
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PERCENTAGE OF WELLS WITH YIELDS EQUAL TO OR GREATER THAN INDICATED

Figure 5. Distribution of yields from wells completed in different bedrock aquifers in the 
lower Connecticut River basin. (From Weiss and others, 1982, fig. 35.)

PHYSICAL AND HYDROLOGIC SETTING 17



7241' 7240'30"

4129'

41 28'30"

EXPLANATION

SURFACE-WATER GENERAL DIRECTION 
DRAINAGE DIVIDE OF SURFACE-WATER

AND SHALLOW GROUND- 
WATER FLOW

Base from U.S. Geological Survey .
Durham 1:24,000, 1964 9
Photorevlsed 1984 0

1.200 FEET

360 METERS

CONTOUR INTERVAL 10 FEET 
NATIONAL GEODETIC VERTICAL DATUM OF 1929

Figure 6. Idealized surface-water and shallow ground-water circulation 
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spring located on the Durham-Middlefield 
town line, was abandoned. The area south of 
Allyn Brook along Main St., Fowler Ave., and 
Cherry La. (fig. 1) is served by the Aqua Treat 
ment and Service Co. In 1993, this company 
obtained its water from Fowler Brook and 
from a bedrock well (USGS well D-50) but 
was under orders from the Connecticut Public 
Utilities Commission to discontinue using 
Fowler Brook as a supply source.

Water use is mainly for industrial, 
domestic, and institutional (schools and 
churches) purposes. The total estimated water 
use in 1993 was about 26 Mgal (50 gal/min). 
The estimated use for each category in 1993 
was as follows: domestic 11.3 Mgal; 
industrial 12.3 Mgal; institutional 2.1 Mgal; 
other 0.5 Mgal. These values are based on an 
estimated household usage of 275 gal/d; 
metered use by Durham Manufacturing Co. 
(John Negrich, Durham Manufacturing Co., 
oral cornmun., 1994) and Strong School (Leo 
Baker, Regional School District 13, oral 
commun., 1994), and estimates made by 
USGS for Merriam Manufacturing Co. of 
2.5 Mgal/yr.

All wastewater, other than industrial 
wastewater, is discharged to on-site septic 
systems. The total amount of wastewater that 
is discharged to the ground is estimated to be 
almost equal to the total used. Some industrial 
wastewater from Durham Manufacturing Co. 
is discharged into an unlined pond east of the 
plant near Ball Brook. This water is treated by 
aeration and then reused, although some 
leakage is likely through the bottom of the 
pond.

METHODS OF DATA COLLECTION 
AND ANALYSIS

The methods used during this study to 
characterize the geohydrology of the Durham 
Center area include geologic mapping, sur 
face-geophysical surveys, and borehole-geo 
physical surveys. Stage-discharge data from 
streams draining the area and water-level data 
from wells also were collected and analyzed.

 Principal objectives of the geologic 
mapping were to determine (1) the bedrock 
stratigraphy and lithology, and (2) the orienta 
tion and frequency of joints and faults.

 Objectives of the surface-geophysical 
surveys were to (1) detect faults and joints in 
bedrock and determine their orientations, 
(2) aid in defining the general stratigraphy of 
the area, and (3) locate the water table.

 Borehole-geophysical surveys were 
intended to (1) aid in defining the lithology and 
stratigraphy of the sedimentary bedrock; 
(2) detect openings in the bedrock, including 
faults, joints, and openings along bedding 
planes; (3) determine the orientation of planar 
features (faults, joints, and bedding planes); 
and (4) determine water levels and zones 
where water is entering or leaving wells.

 Stream-stage and discharge data were 
collected to (1) develop stage-discharge 
relations at sites that were related to 
contaminant discharge or were likely to be 
water-quality sampling sites, and (2) estimate 
low-flow frequency and duration of streams 
draining the study area.

 Water-level data from wells were 
collected to (1) assess the general nature of the 
ground-water flow system in the bedrock, 
including vertical gradients; and (2) determine 
the effects of manmade and natural stresses on 
water levels.

Surface Geophysics

Surface-geophysical surveys were made 
in the spring and summer of 1993 by the 
USGS to determine the distribution and orien 
tation of fracture sets within the bedrock, and 
the distribution and trend of large-scale frac 
ture zones and faults. The surface-geophysical 
methods were azimuthal, square-array de- 
resistivity soundings; square-array de-resistiv 
ity traverses (using a fixed-array size); VLF- 
EM traverses; and GPR traverses. The GPR 
method was unsuccessful for locating the 
water table or for detection of deeper reflectors
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such as the bedrock surface. The reasons for 
the lack of radar penetration of the subsurface 
are unknown, but may be related to the mineral 
composition of the till. The GPR survey is not 
discussed further in this report.

Azimuthal, square-array de-resistivity 
soundings

Azimuthal, square-array de-resistivity 
soundings are designed to detect the presence 
and orientation of saturated, steeply dipping 
fracture sets. In some cases, further analysis of 
data from these soundings can provide an 
estimate of the secondary porosity attributable 
to fracturing (Lane and others, 1995). Data 
analysis also provides a "layered-earth" 
interpretation of the subsurface beneath a 
surveyed site that aids in understanding local 
stratigraphy.

Azimuthal, square-array de-resistivity 
soundings were made at two locations in the 
study area. Each azimuthal survey consisted of 
six square-array soundings separated by a 15° 
rotational angle about the array centerpoint. 
The array sizes (A-spacings) were expanded 
from 16.4 ft to 131.2 ft for each sounding. The 
data were collected using an ABEM Multimac 
de-resistivity system. This is a computer- 
controlled data acquisition and storage system 
that allows a complete sounding at a given 
azimuth to be collected automatically through 
remotely accessed addressable switchers, 
which connect the electrodes for a given 
measurement. The data were analyzed using 
the techniques described by Lane and others 
(1995). Layered-earth interpretations were 
obtained using RESIX-plus, a computer-based 
interpretation software package.

Square-array de-resistivity traverses

Square-array de-resistivity traverses with 
a fixed-array size are designed to detect the 
presence of large-scale fracture zones and 
faults. The trend of such features is determined 
by correlating anomalies across multiple 
parallel traverses. Two parallel square-array 
traverses were made at a single location in the

study area. Data were collected at 65.6 ft 
intervals using two 131.2-ft-A-spacing square 
arrays, separated by a rotational angle of 45°. 
Data were analyzed using methods described 
by Darboux-Afouda and Louis (1989).
VLF-EM traverses

VLF-EM surveys can detect anomalies 
in conductivity caused by large fracture zones 
and faults. Data were collected every 50 ft 
along multiple traverses over the study area. 
The data were collected and analyzed using 
methods described by Telford and others 
(1977); more detailed information about this 
technique can be found in McNeill and Labson 
(1987).

Borehole Geophysics
Borehole-geophysical surveys were 

made in 13 wells in July 1993 by the USGS. 
The basic logging equipment and the proce 
dures used in borehole logging are described 
by Keys (1990). Two logging units with differ 
ent capabilities were used because access to 
some wells precluded use of a large logging 
truck. For this reason and others, such as the 
need to rapidly restore a well to service, the 
suites of logs are not the same for all wells. 
The types of logs that were obtained and their 
applications are summarized in table 1, and 
selected logs are in appendix 1. More detailed 
information on the applications of borehole- 
geophysical logs to geohydrologic investiga 
tion may be found in Keys (1990) and Hearst 
and Nelson (1985).

The data obtained from most borehole 
logs (acoustic amplitude and velocity, caliper, 
focused resistivity, fluid resistivity and temper 
ature, natural gamma, spontaneous potential, 
single-point resistance, and heat-pulse flowme- 
ter) were recorded and stored electronically in 
digital format. Paper copies of these logs were 
made in the field with an analog chart recorder 
or ink-jet printer. The acoustic televiewer log 
data were recorded by a video cassette 
recorder and stored on Beta-format video tape. 
Acoustic televiewer images were made in the 
field with a thermal printer. Television images
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were viewed on a color monitor during the log 
ging and were recorded by a video cassette 
recorder and stored on VHS-format video tape. 
Copies of all recorded borehole logs are on file 
at the USGS Connecticut District office in 
Hartford, Conn.

Only qualitative log analyses were done 
for this study, largely because of the lack of 
information about the properties of the rock 
matrix. More quantitative analysis of these 
borehole data may be possible if requisite data 
on rock properties become available. Methods 
of qualitative and quantitative analyses of logs 
are described in Keys (1990) and Hearst and 
Nelson (1985). Qualitative analysis of bore 
hole logs collected at a site in New Jersey 
where the bedrock geology is similar to that in 
Durham is described by Williams and Conger 
(1990).

The primary objectives of the log analy 
sis were to identify the lithology of the sedi 
mentary rocks penetrated by the wells, to 
correlate stratigraphic units between wells, 
where possible, and to determine the location 
and orientation of faults, joints, and bedding 
planes. Lithologic and stratigraphic interpreta 
tions were largely derived from the combined 
and synergistic analysis of the acoustic tele 
viewer, television, and resistivity logs. The 
pattern and texture of acoustic-televiewer 
images and television pictures were related to 
rock type, as were relative resistivity and 
acoustic amplitude. Gamma logs were not use 
ful in distinguishing shale from sandstone 
because of the high potassium content of the 
arkosic sandstone. The interpretations of the 
lithology and stratigraphy were aided by litho- 
logic logs compiled from drill cuttings at some 
wells (Roux Associates Inc., 1990b) and by the 
regional sedimentology and stratigraphy of the 
Portland Formation described by LeTourneau 
(1985).

The acoustic televiewer logs were most 
useful for determining the location of open 
planar features that represent joints, faults, and 
bedding planes. The acoustic televiewer pro 
duces oriented photograph-like images of the

pattern of acoustic reflectivity of the well bore 
by recording the ultrasonic reflections as a 
pulsed-source detector transducer scans the 
borehole at 3 revolutions per second (Keys, 
1990, p. 115). These images were used not 
only to locate fractures or openings along bed 
ding planes, but also to determine the strike 
and dip of many of the high-angle planar fea 
tures using the procedure described by Paillet 
(1985, p. 12).

Other logs that were useful in detecting 
fractures were caliper, gamma, and acoustic 
amplitude. Fluid temperature and fluid resis 
tivity logs yielded some qualitative informa 
tion about the inflow or outflow of water 
within the well. Heat-pulse flowmeter mea 
surements were subsequently made in several 
wells at depths above and below fractures or 
anomalies in fluid temperature and fluid resis 
tivity gradients to determine whether the 
inflow or outflow of water could be detected 
under ambient conditions.

Hydrologic Measurements
Stream stage and stream discharge were 

measured using established methods described 
by Buchanan and Somers (1969), Carter and 
Davidian (1968), and Rantz (1982). Stage was 
measured at each surface-water gaging site 
with respect to an established reference point. 
Two types of current meters were used to mea 
sure stream discharge a standard AA cup 
meter and a pygmy meter. Small discharges 
were also measured by using a portable sharp- 
crested weir. Computed stream discharges 
were checked and plotted to develop a rating 
curve for each gaging site. All streamflow 
records are on file at the USGS District office 
in Hartford, Conn.

Water levels in observation wells were 
measured using a float-counterweight system 
connected to a Fischer Porter punch-tape 
recorder. Measurements were also made with a 
chalked steel tape with 0.01-ft gradations to 
verify the accuracy of the automatic recorders. 
All recorded water levels were entered into a 
USGS computerized data base.
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GEOHYDROLOGY OF THE DURHAM 
CENTER AREA

The regional and local geohydrology of 
this area is complex with regard to the lithol- 
ogy and hydraulic properties of the unconsoli- 
dated deposits and sedimentary rocks, the 
structural features of the bedrock, and the 
movement of ground water. Two of the geohy- 
drologic units in the Durham Center area, till 
and sedimentary bedrock, are the principal 
media for the storage and transport of the 
organic chemicals that have caused wide 
spread degradation of the ground water. Surfi- 
cial exposures of these units are rare in the 
study area, and most of the information about 
the units has been obtained from well records, 
hydraulic tests and borehole-geophysical mea 
surements in wells, and samples taken from 
test pits or borings, or has been extrapolated 
from the study of similar materials in the 
region.

An extensive effort was made to obtain 
records of wells located in or near Durham 
Center. Although many well records were 
found in publications and agency files, no 
records were available for 42 homes and other 
buildings known or believed to have wells 
(including several that have water-quality 
data). The USGS located and inventoried the 
wells for which some information on construc 
tion characteristics, yield, or geology was 
found. These wells are shown in figure 7 and 
are listed in table 2, with available information 
on their construction characteristics, water 
level, depth, and depth to bedrock. The infor 
mation for the inventoried wells was entered 
into the USGS computerized Ground-Water 
Site Inventory (GWSI) data base.

Geohydrologic Units

Stratified Drift

Stratified drift is present only in the low- 
lying areas beneath Ball Brook-Hersig Brook 
valley to the east, and Durham Meadows to the

west of Durham Center (units f, s, and sg 
shown in fig. 3b). Beneath these areas, strati 
fied drift consists predominantly of fine 
grained glaciolacustrine sediment including 
very fine sand, silt, and clay (fine-grained 
deposits in fig. 3b). The sediment is at least in 
part varved; that is, it is present in thin, rhyth 
mically laminated, alternating silt and clay lay 
ers. Surface exposures of varved silt and clay 
were reported in the Ball Brook-Hersig Brook 
valley by Simpson (1968b); and are also 
recorded in the logs of some wells and test 
holes from Durham Meadows.

The surface altitude of the fine-grained 
deposits is at 180 to 190 ft in Hersig Brook 
valley and at 150 to 160 ft in the Coginchaug 
River valley (Durham Meadows). Glaciolacus 
trine sediment is as much as 50 ft thick in the 
Hersig Brook valley and as much as 100 ft 
thick beneath Durham Meadows. Locally, thin 
units of coarser-grained sand and gravel over 
lie the fine-grained deposits in both valleys 
(fig. 3b and 3c); these materials were deposited 
either as alluvial fans on the drained glacial 
lake bed or as floodplain alluvium along mod 
ern streams incised into the lake bed.

Extensive, marshy areas along the 
Coginchaug River in Durham Meadows are 
underlain by thick swamp deposits peat and 
organic muck that have accumulated in a high- 
water-table environment on top of the glacial 
lake sediments during postglacial time.

The hydraulic properties of the fine 
grained stratified drift have not been measured 
in this area, and measurements elsewhere in 
Connecticut are sparse. Laboratory-determined 
values of hydraulic conductivity and storativ- 
ity for fine-grained glaciolacustrine sediments 
compiled by Melvin and others (1992b) are 
shown below.
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7241* 7240'30"

41 29
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Base from U.S. Geological Survey 
Durham, 1:24,000. 19M 
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NATIONAL GEODETIC VERTICAL DATUM OF 1929

Figure 7. Location of wells in and near the Durham Center area, Durham, Conn. [Only wells 
inventoried by the U.S. Geological Survey are shown]
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Unit and thickness Median hydraulic 
conductivity (feet per day)

Median storativity 
(dimensionless)

Six undisturbed samples 
of lake silts, oriented vertically

Three undisturbed samples 
of varved clay, oriented vertically

Three undisturbed samples 
of varved clay, oriented horizontally

0.14

.0001

.82

0.29

not determined

not determined

Till

Till is the surface geologic unit over most 
of the Durham Center area (fig. 3b); it mantles 
the bedrock surface in thicknesses generally 
ranging from 5 to 30 ft (fig. 8). Locally, on the 
west side of Durham Center, till is as thick as 
90 ft. Old records of dug wells (Brown, 1928; 
Works Progress Administration, 1938) at 
Durham Center show depths to the water table 
ranging from 2.3 to 26 ft, and the saturated 
thickness is estimated to be less than 20 ft 
throughout most of the area, even during 
periods when the water table is higher than 
average. At Merriam Manufacturing Co., the 
till in some borings and test pits was 
unsaturated and the water table was located in 
the underlying bedrock (Roux Associates Inc., 
1983, 1988, 1990b). The water table may be 
below the bedrock surface at other places 
where the till is thin. The position of the water 
table in till can fluctuate several feet as shown 
by thehydrographof USGS wellD-117 (fig.9), 
west of Durham Center. Consequently, the 
water table may move back and forth between 
the till and bedrock annually or less frequently.

The till in the Durham area was depos 
ited predominantly as lodgment till beneath 
continental ice sheets during the late Wiscon- 
sinan and earlier (Illinoian) glaciations. Its 
color and lithology closely resemble the under 
lying sedimentary bedrock from which it was 
derived. The till is red brown and consists of a 
nonsorted, nonlayered mixture of grain sizes

with a matrix of 50 to 60 percent sand, 30 to 40 
percent silt, and 10 to 15 percent clay; larger 
rock fragments (clasts) generally constitute 10 
to 20 percent of the total volume of the mate 
rial (Melvin and others, 1992b). This red 
brown till is relatively hard, dense, and com 
pact; this is partly due to its subglacial origin 
but also to its higher silt and clay content, as 
compared to gray tills of the Eastern Highland 
areas that are derived from crystalline rocks. 
The till is fractured in many places; some frac 
tures are stained with iron or manganese, mak 
ing them more visible in section. No surface 
exposures of till were available in the Durham 
Center area during the time of this study; how 
ever, a previous exposure of till at the Durham- 
Middlefield landfill (1 mi northwest of 
Durham Center) was examined, sampled, and 
described by USGS personnel in 1985-86. 
That till was very dense, and closely spaced, 
dark-stained joints were common; spacing 
between joints ranged from less than 1 in. to 
several inches. Horizontal or subhorizontal 
joints were most common and, together with 
the less-common vertical joints, formed joint- 
bounded blocks of till that could be excavated 
from the exposure.

Some measurements of the hydraulic 
properties of till were made in or near the 
Durham Center area. Aquifer tests were done 
on wells tapping the till at Durham Manufac 
turing Co. by Leggette, Brashears, and Gra 
ham, Inc. (1982), and laboratory measure-
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ments were made on till samples from USGS 
test holes about 0.5 mi southeast of Durham 
Center. These data are summarized in table 3. 
The hydraulic conductivities determined from 
the aquifer tests are higher than the laboratory- 
determined values, and this relation is consis 
tent with observations made elsewhere 
(Stephenson and others, 1988, table 3). The 
difference in hydraulic conductivity measured 
by field and laboratory tests is generally 
ascribed to the till having both primary (inter- 
granular) hydraulic conductivity and second 
ary hydraulic conductivity produced by 
fractures or other types of secondary openings. 
Laboratory tests commonly measure only the 
primary hydraulic conductivity of a till matrix.

Aquifer tests, such as those done by Leggette, 
Brashears, and Graham, Inc. (1982), however, 
are more likely to measure the hydraulic con 
ductivity of the "bulk mass" of till that 
includes fractures or other secondary open 
ings. Because these aquifer tests were conven 
tional single-well response (slug) tests, they 
may also have underestimated the hydraulic 
conductivity of the bulk mass of a fractured till 
(D'Astous and others, 1989; Keller and others, 
1989).

Hydraulic conductivity, porosity, and 
hydraulic gradient are commonly used to 
estimate the average linear velocity of water 
moving through granular materials such as till. 
The porosity values in table 3 are laboratory

Table 3. Hydraulic properties of till, Durham, Conn.
[b, hydraulic conductivity of bulk mass of till; m, hydraulic conductivity of the till matrix; USGS, U.S. 
Geological Survey; ft, feet; ft/s, feet per second; ft/d, feet per day; cm/s, centimeters per second; -, no 
data]

Location
1 Durham Manufacturing 

Cb» monitoring wells 
OW-3 and 0W-7 (USGS

s

Durham Manufacturing

Type of test and 
method of analysis

Single-well response 
(slug) test Analyzed 
using method described 
byHvorslev(l95i)

Single-well response

Hydraulic 
conductivity 
(feet per day)
0.22 to 0.57 (b) 

.04 to 2.4 (b)

Porosity 
(percent) Remarks

Leggette> 
Brashears, and 
Graham, Inc. 
(1982), Values ?i 
areconverted j 
froml^stoftM J 

Do.
Co. monitoring wells 
OW-2,OW-6,andOW-8 
(USGS wells D-193, 
D-197,andD-199) 
CherryJbane, Durham, 

es

leis are from 2.6 to 
3$Afrfcelbw: land surface" 
Durham-Middlefield 
landfill, Durham, Conn.; 
3 core samples from deep 
trench

(slug) test. Analyzed 
using method described 
by Papadopolous and 
others (1973) 
Constant-head 
permeameter tests 
measuring vertical 
hydraulic conductivity

Constant-head 
permeameter tests 
measuring vertical 
hydraulic conductivity

,0005 to 0.05 (m) 21 to 28 Melvinand 
oiiiers (1992a

converted Iron*

.014 to 0.07 (m) 32 to 27 Do.
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Figure 8. Depth to bedrock at Durham Center, Durham, Conn.
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EXPLANATION

DEPTH TO BEDROCK

Less than 10 feet

10-20 feet

21 -30 feet

31 -50 feet

51 -100 feet

D145 Wells in which borehole-geophysical logs were obtained 
(logs shown in appendix 1)

B Line of section for geologic sections B-B' and C-C' 
shown in figure 11

Areas underlain by stratified drift
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Figure 9. Water levels in U.S. Geological Survey observation well D-117, Durham, 
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measurements of total intergranular pore 
space porosities resulting from fractures in till 
are much lower, and may be less than 1 percent 
(Grisak and others, 1976, p. 320). If the till in 
the Durham Center area is fractured, as is 
likely, the velocities of flowing ground water 
would be considerably greater than estimates 
based on intergranular porosity.

Bedrock

Sedimentary bedrock of the Portland 
Formation is the major geohydrologic unit in 
the Durham Center area (fig. 3a and 3c). 
Nearly all the wells in the area penetrate and 
are cased through the glacial sediments and 
withdraw water from the bedrock (table 2). 
The yields of these wells range from less than 
1 to as much as 100 gal/min.

Stratigraphy, lithoioay and Mlnsraioay

Bedrock is mapped as Portland Forma 
tion on geologic maps (Simpson, 1968a; 
Rodgers, 1985); however, LeTourneau (1985) 
further subdivided conglomerate, sandstone, 
siltstone, and shale lithofacies within the Port 
land Formation and mapped the Durham Cen 
ter area as underlain by pebbly sandstone and 
siltstone. He also inferred the presence of a 
lacustrine black shale unit at depth by strati- 
graphic projection of a black shale unit 
exposed in Laurel Brook, approximately 2 mi 
to the north. The classification scheme of the 
lithofacies within the Portland Formation pre 
sented by LeTourneau (1985), and slightly 
modified by Home and others (1993), is used 
to describe lithologic units in this report. 
Stratigraphic correlation of lithologic units 
within the Portland Formation must take into 
account (1) spatial relations between lithofa-
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cies within a stratigraphic unit due to local 
depositional environment; (2) vertical changes 
in the rock sequence caused by oscillations in 
climatic conditions during Early Jurassic time; 
(3) the changing positions of lakes, river flood- 
plains, and alluvial fans caused by basin sub 
sidence; and (4) post-depositional structural 
effects. The structural effects include minor 
folding, but more significantly, extensional and 
compressional faulting, that has resulted in the 
formation of fault blocks within the basin. 
Stratigraphic units have been vertically dis 
placed hundreds of feet across the high-angle 
normal faults. (See fig. 3c.)

Exposures of bedrock examined during 
this investigation and earlier studies (fig. 3a) 
lie outside of the immediate Durham Center 
area, which is entirely covered by glacial 
deposits (fig. 8). Consequently, the lithology 
and stratigraphy of rock units beneath Durham 
Center has been interpreted largely from bore 
hole-geophysical logs (appendix 1) collected 
at the 13 wells shown in figure 8. The down- 
hole TV camera and acoustic televiewer logs 
were particularly useful for identifying litho- 
logic units in the wells (fig. 10). Lithologic 
units were assigned to subfacies as defined by 
LeTourneau (1985). Correlation of units 
between wells is shown in two east-west- 
trending geologic sections (fig. 11), each 
approximately 2,000 ft long. The northern sec 
tion (labeled B-B' in fig. 11) crosses Main 
Street near Merriam Manufacturing Co. and 
the southern section, labeled C-C in figure 11, 
crosses Main Street at Durham Manufacturing 
Co. Lithologic units beneath Durham Center 
within the depth range of the borehole logs, 
approximately 400 ft, include the following 
subfacies of LeTourneau (1985) as modified 
by Home and others (1993):

  Subfacies 3 fine conglomerate and 
pebbly sandstone in trough and planar cross- 
stratified beds deposited by braided streams in 
mid-distal alluvial fan environments

  Subfacies A silty fine sandstone with 
thin granule beds consisting of thin, planar and

ripple cross-stratified, commonly poorly sorted 
beds deposited by shallow streams and sheet 
floods in distal alluvial fan environments

  Subfacies 5 medium to coarse 
sandstone with interbedded siltstone in trough 
cross-stratified beds deposited by ephemeral 
braided streams on desiccated floodplains on 
the basin floor

  Subfacies 6 siltstone with interbed 
ded medium to coarse sandstone and mudstone 
deposited by perennial meandering rivers on 
the basin floor

  Subfacies 7 gray siltstone with inter- 
bedded ripple-cross-laminated sandstone 
deposited near shorelines and in shallow water 
of lakes

  Subfacies 8 dark siltstone and lami 
nated black shale deposited in deep-water 
areas of perennial lakes.

In the process of borehole-log interpreta 
tion, coarse-grained lithologic units were most 
easily identified as a particular lithofacies 
because individual grains could be seen. The 
lacustrine units were easily distinguished as 
well because of their distinctive sedimentology 
and gray and black color. The specific litholo- 
gies of the red fine-grained units were more 
difficult to define in the absence of rock cores 
and outcrop data. The red fine-grained units 
are most likely to be subfacies 6 (siltstone with 
interbedded sandstone and mudstone) on the 
basis of the "wet-phase" depositional model of 
facies assemblages (LeTourneau, 1985; Home 
and others, 1993; Hubert and others, 1978). 
Descriptions of drill cuttings in these zones 
from the wells at Merriam Manufacturing Co. 
(Roux Associates Inc., 1990b) include "silt- 
stone," "silty sandstone," and "very fine sand 
stone, siltstone, and shale." Some parts of the 
"fine-grained" units seen in the well logs may 
actually be silty fine sandstone of subfacies 4. 
As can be seen on sections B-B 1 and C-C1 
(fig. 11), the stratigraphic section beneath 
Durham Center includes two gray and black
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Figure 10. Lithologic logs of selected wells in the Durham Center area, Durham, Conn., 
interpreted from borehole-geophysical data-continued
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lacustrine units (subfacies 7 and 8) interlay- 
ered with coarse sandstone-pebble conglomer 
ate units (subfacies 3) and red, fine-grained 
units that are probably siltstone (subfacies 6). 
The lower part of the stratigraphic section 
(below 150 to 200 ft in depth), appears to be 
medium to coarse sandstone with siltstone 
interbeds (subfacies 5) and possibly zones of 
subfacies 4. These units are probably related to 
an earlier "dry-phase" depositional environ 
ment. The lacustrine units have not been fur 
ther subdivided here, but each comprises a 
stratigraphic sequence of subfacies 7-8-7, so 
that black shale is layered between gray, inter- 
bedded siltstone and sandstone. This relation 
has been described in outcrops (LeTourneau, 
1985; Hubert, and others, 1978) and could be 
seen on the downhole television camera in sev 
eral wells. In several places where coarse 
sandstone-pebble conglomerate (subfacies 3) 
overlies a lacustrine unit, clasts of black shale 
were recognizable within the lower few inches 
of the conglomerate.

The mineral composition of sediments 
and diagenetic cements of the Hartford Basin 
sandstones, including the Portland Formation, 
is described by Hubert and others (1992). 
Three sampling localities for their study were 
near the Durham Center area at Laurel Brook, 
Allyn Brook, and Arbutus Road (1.5 mi north 
east of Durham Center). Portland Formation 
sandstones are feldspar-rich arkose and lithic 
arkose, composed of subequal amounts of 
quartz and feldspar and lesser amounts of rock 
fragments (mostly phyllite, slate, schist, 
quartzite, and gneiss). Within the feldspar frac 
tion, the plagioclase-potassium feldspar ratio 
is 12:1 for fluvial sediments (derived from the 
Eastern Highlands) and 11:1 for lacustrine 
sands (derived from the Western Highlands). 
Grains in fluvial sediments are stained by 
authigenic hematite, a weathering product 
formed by oxidation during burial that gives 
the rocks their reddish color. Albite over 
growths on plagioclase-feldspar grains have 
lowered the porosity of these rocks; albite 
comprises 6 to 23 percent of the total volume

of the rock. Carbonate cements consist of fer- 
roan calcite and calcite in fluvial sandstones 
and ferroan dolomite and dolomite in lacus 
trine strata; these cements comprise 6 to 7 per 
cent of the volume of the rock.

Locally in lacustrine units, for example 
at Laurel Brook, mixed-layer smectite-chlo- 
rite-corrensite is a cement, and expandable 
swelling chlorite is in pore fillings. Barite is 
also present in some lacustrine sandstones of 
the Portland Formation. Lacustrine black shale 
and mudstone typically contain 1 to 4 percent 
by weight of total organic carbon, whereas 
gray mudstones have slightly less organic car 
bon. The organic matter gives these lacustrine 
units their gray and black color.
Structural geology

Structural features of the rock units 
related to the movement of ground water are 
the strike and dip of bedding, faults, and other 
fractures. Beds in the Portland Formation in 
the Durham area strike in a generally north 
ward direction, ranging from NNW to north 
east and dip eastward at relatively low angles 
of 5° to 10° (Simpson, 1968a; LeTourneau, 
1985). Direct measurement of the strike and 
dip of bedding at Durham Center was made 
during this study using the borehole logs from 
the Merriam Manufacturing Co. wells. Alti 
tudes of lithologic contacts in wells D-151 and 
D-148 (fig. 8) are the same, indicating that 
these wells are along strike with each other. 
This defines the strike direction as approxi 
mately N 8° W in this area. The decrease in 
altitude of lithologic contacts eastward from 
these two wells to wells D-149 and D-150 
defines the angle of dip, which is about 3° to 
the east-northeast. The strike appears to 
change to a more northwesterly direction and 
the dip to a more northeasterly direction 
between the northern (B-B 1) and southern (C- 
C) geologic sections in figure 11. Stratigraphic 
units are about 40 ft higher on the southern 
section than on the northern section, indicating 
a northward component of dip of about 1° 
between the two areas.
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High-angle normal faults that clearly cut 
and offset linear ridges of Hampden Basalt to 
the west of Durham Center are shown as 
extending through Portland Formation rock 
units beneath Durham Center on the geologic 
map by Simpson (1968a), although they are 
not exposed. There is, however, strong 
regional evidence for at least one northeast- 
striking, northwest-dipping normal fault in the 
Portland Formation beneath Durham Center. 
The steep-walled valley of Ball Brook to the 
northeast of Durham Center is reasonably 
interpreted as a fault zone because of its 
straight, sharp trend, and because strike ridges 
and dip slopes in the Portland Formation have 
different orientations on either side of this val 
ley. The northeast trend of Ball Brook valley 
can be projected southwestward across the 
southern end of Durham Center at the western 
end of the rock gorge at Allyn Brook, and then 
across Durham Meadows to a fault that cuts 
and offsets the ridge of Hampden Basalt. (See 
fig. 3a.) Surface- and borehole-geophysical 
surveys made during this study and the distri 
bution of wells with high yields (Klimenok, 
1989) also provide evidence of a fault. In this 
report, this fault is referred to as the Ball 
Brook fault.

Section C-C (fig. 11) shows the inferred 
Ball Brook fault as it would appear on an east- 
west section between wells D-129 and D-157 
at Durham Manufacturing Co. In the upper 
220 ft of well D-129, lithologic units inter 
preted from borehole logs match the stratigra 
phy along section B-B' to the north, but cannot 
be correlated to the lithology at well D-157; 
this suggests a fault between the two wells. 
Well D-129 has a reported yield of 22 gal/min 
(table 2) and is immediately adjacent to the 
Durham Manufacturing Co. production well 
(D-212) that reportedly can yield at least 100 
gal/min (Leggette, Brashears, and Graham, 
Inc., 1982). Lithology changes abruptly in well 
D-129 at the depth of 205 ft and gamma values 
increase sharply from less than 25 to more than

125 American Petroleum Institute (API) units, 
with a maximum value of nearly 300 API units 
at 211 ft. Heat-pulse flowmeter measurements 
show a reversal in the direction of flow within 
this same zone. (See appendix 1.) A similar 
flow reversal occurs at a depth of 195 ft, in 
well D-190, located southwest of well D-129 
(fig. 7) along the strike of the fault. The yield 
of well D-190 is unknown. Well D-160, on the 
western side of Maple Ave., 450 ft southwest 
of well D-190 (fig. 7) along the strike of the 
fault, is 160 ft deep and reportedly yields 60 
gal/min (table 2). No geophysical logs were 
obtained at this well, but the high yield indi 
cates that it probably intersects a major frac 
ture zone. The wells along section B-B' to the 
north are not deep enough to intersect the 
northwest-dipping Ball Brook fault.

Square-array de-resistivity and VLF-EM 
surveys conducted at site 1, southwest of 
Durham Center (fig. 12), provide additional 
evidence of a northeast-striking, northwest- 
dipping fault beneath this area. The data from 
square-array resistivity traverse SQR-1 show a 
coincident low or trough in mean terrain resis 
tivity and anisotropy values between stations 6 
and 8 (fig. 13) that probably defines the 
approximate location of the fault. VLF-EM 
data along traverse line VLF-5 show a peak in 
the ratio of secondary to primary magnetic 
field near station 9 (fig. 14). This anomaly 
probably indicates the presence of a large fault. 
The azimuthal, square-array, resistivity sound 
ing SQ-S1 made at site 1 (fig. 12) shows the 
primary strike direction of fractures is north 
east (fig. 15); this is consistent with the pres 
ence of the Ball Brook fault. At site 2 in figure 
12 (Allyn Brook Park and Regional School 
District 13 athletic fields east of Durham Cen 
ter), VLF-EM surveys revealed no anomalies, 
and the azimuthal, square-array resistivity 
sounding indicates a primary fracture strike 
direction of northwest. Site 2 lies southeast of 
the inferred Ball Brook fault in a separate fault 
block.
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Figure 13. Mean terrain resistivity and anisotropy along square-array direct- 
current resistivity traverse lines 1 and 2, Durham Center area, Durham, Conn. 
[Locations are shown in figure 12.]
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Figure 14. Ratio of secondary to primary magnetic field along very-low-frequency 
electromagnetic traverse line 5, Durham Center area, Durham, Conn.
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Figure 15. Azimuthal plots of square-array direct-current resistivity sounding 
measurements made with 40-meter A-spacing at sites 1 and 2, Durham Center 
area, Durham, Conn.
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In the northern part of the Durham Cen 
ter area near Merriam Manufacturing Co., 
lithologic units can be correlated between 
wells D-78, D-151, D-148, D-149, D-150, and 
D-189 (fig. 10). The difficulty in correlating 
units between wells D-78 and D-145, which 
are along strike from each other and, therefore, 
should have lithologic-unit contacts at similar 
altitudes, indicates the possible presence of 
another fault between these two wells. Well D- 
78 has a reported yield of 30 gal/min, whereas 
D-145 yields only 3 gal/min. More regional 
and site-specific data would be necessary to 
determine whether or not a second fault is 
present in this general area.

The nearest bedrock exposure at the 
southern boundary of Durham Center reveals a 
35-ft vertical section of WNW-dipping beds 
above the south bank of Allyn Brook. The 
Allyn Brook valley (east of Maple Avenue) 
occupies a possible east-trending, strike-slip 
fault zone (not shown in fig. 3a) and lies within 
a separate fault block, shown in fig. 3 a. If this 
interpretation is correct, the strata exposed in 
the Allyn Brook section cannot be correlated 
with the stratigraphic units interpreted from 
the borehole logs in areas north of the inferred 
fault zone.

Borehole-geophysical data (appendix 1 
and fig. 10) indicate relatively high-angle frac 
tures and near-horizontal bedding-plane open 
ings throughout the sedimentary bedrock. The 
fractures and bedding-plane openings that are 
interconnected provide the pathways for most 
ground-water flow in these rocks. Fracture ori 
entations measured from acoustic-televiewer 
logs of wells D-151, D-148, D-149, D-150, 
D-189, D-190, D-129, D-157, and D-138, as 
well as those measured at the Allyn Brook out 
crop and an outcrop along Connecticut Route 
17 (1.3 mi south of Durham Center), are plot 
ted in figure 16. Figure 16a is a contoured, 
lower-hemisphere, equal-area-net plot of poles

normal to the fracture planes, whereas figure 
16b is a rose diagram showing the strike direc 
tions of fractures. Northeast-striking fractures 
that dip at relatively high angles to the north 
west or southeast strongly predominate. Less 
common strike directions are to the north and 
east-northeast. The dominant northeast-strik 
ing fractures are undoubtedly related to normal 
faulting associated with the Ball Brook fault. 
Some fractures seen on the borehole logs are 
accompanied by peaks on the gamma logs. 
The relatively high radioactivity along north 
east-trending faults and fractures that cut the 
Hampden Basalt was demonstrated by Simp- 
son (1966) who was able to map their extent 
into the Portland Formation'using a scintillom- 
eter. The high gamma peaks on the borehole 
logs that coincide with fractures may also be 
due to elevated radioactivity along fracture 
planes.

Figure 17 shows geoelectric sections 
generated using a layered-earth model of the 
data from square-array, resistivity soundings 
SQ-S1 and SQ-S2 (fig. 12). These geoelectric 
sections of the subsurface are consistent with 
geologic interpretations of well data. At both 
locations, the upper few feet of unconsolidated 
sediment consists of coarse-grained (more 
resistive) stratified drift (artificial fill at site 2) 
overlying thicker fine-grained (less resistive) 
glacial lacustrine deposits. Bedrock is inter 
preted to be 30 to 35 ft below land surface at 
both sites. The higher resistivity values in the 
upper 15 to 20 ft (5-6 m) of the bedrock proba 
bly represent a conglomerate unit; this coarse 
grained unit overlies a less resistive, finer- 
grained rock unit. This lithologic interpretation 
is supported by the borehole-geophysical logs 
of well D-138 (appendix 1), which is near 
sounding SQ-S2 (fig. 12).
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Figure 16. Lower-hemisphere, equal-area-net plot of the poles to fracture planes 
(a) and rose diagram showing frequency of observed strike directions of fractures (b) 
in the Durham Center area, Durham, Conn.
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Figure 17. Apparent resistivity (A) and geoelectric sections (B) constructed from 
azimuthal, square-array direct-current resistivity soundings SQ-S1 and SQ-S2, 
Durham Center area, Durham, Conn. [Locations are shown in figure 12.]
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Hydraulic Properties

Aquifer tests were conducted in the 
Durham Center area by Leggette, Brashears, 
and Graham, Inc. (1982) and Roux Associates 
Inc. (1990a, 1990d) to estimate the transmis- 
sivity and storativity of the Portland Forma 
tion. These were constant-rate pumping tests 
of generally short duration (several hours); 
drawdown measurements were made in sev 
eral wells. Pumping from other wells in the 
area could not be controlled during the test 
period and the effects of this pumping were not 
evaluated. The data were analyzed using the 
Theis nonequilibrium method (Theis, 1935) 
and the Jacob straight-line method (Cooper 
and Jacob, 1946); analytical results are sum 
marized in table 4. Transmissivity and storativ 
ity estimates from these studies cannot be 
considered fully reliable for the following rea 
sons: First, the aquifer tests were conducted 
under adverse field conditions pumping 
throughout the area could not be controlled 
and drawdown measurements were commonly 
inadequate to define the early part of the type 
curve used in the Theis method of analyses. 
Second, the field conditions meet few of the 
assumptions of the analytical methods (Ferris 
and others, 1962; Kruseman and de Ridder, 
1991). Third, the aquifer has dual permeability 
and porosity, the observation wells are par 
tially penetrating, and the aquifer may actually 
be a series of separate aquifers analytical 
methods for analyzing tests under such condi 
tions are lacking (Bishop and others, 1993a).

Several observations made during these 
tests are related to the movement of ground 
water and dissolved contaminants. These test 
data, however, are not sufficient for assessing 
or inferring the degree of hydraulic connection 
between wells and areas where contaminants 
may possibly have entered the subsurface. The 
first test, conducted in 1982, used the Durham 
Manufacturing Co. production well (USGS 
well D-212) as the pumped well and measured 
drawdowns in accessible wells about 5 to 
860 ft away. The analysis of distance-draw 
down data collected from selected observation

wells after 5 hours of pumping resulted in an 
estimated transmissivity of about 1,600 to 
1,700 ft2/d the highest value reported (table 
4). The relatively high transmissivity is consis 
tent with the high yield of the pumped well 
(100 gal/min) and the presence of a major fault 
in the area that is believed to intersect the well 
bore. The storativity values of 6 x 10"5 and 
5 x 10"4, determined by analyses of this test 
(table 4), are within the range typical of con 
fined (artesian) aquifers.

The observation wells for this test 
included USGS well D-191 at Strong School, 
660 ft southeast of the pumped well (fig. 7), 
and an unnumbered well at 174 Main St. 
(Clark residence, for which there is no record) 
737 ft south of the pumped well. Water sam 
ples from these observation wells have high 
concentrations of organic halides (commonly 
greater than 1,000 jig/L). The drawdowns in 
both wells during the aquifer test were less 
than 1 ft, indicating poor hydraulic connection 
between D-212, the pumped well, which is 
believed to intersect the Ball Brook fault, and 
these wells. However, the small drawdown in 
these wells may reflect complex fracture path 
ways that require a longer time than the 5-hour 
test period for a measurable hydraulic 
response. Much greater drawdowns were 
observed in other wells aligned with (1) the 
strike of bedding and the secondary direction 
of the strike of fractures (11.57 ft in well D- 
130,490 ft to the north) and (2) the principal 
direction of fracturing (9.25 ft in well D-159, 
860 ft to the southwest).

Transmissivities calculated from aquifer- 
test data at Merriam Manufacturing Co. (table 
4) are much lower than the transmissivity 
derived from the test at Durham Manufactur 
ing Co. Storativities estimated from aquifer 
tests at Merriam Manufacturing Co. are similar 
to those at Durham Manufacturing Co. and are 
within the range that is typical of confined 
aquifers. Poor hydraulic connection between 
wells was commonly observed, and transmis- 
sivities appeared to be directional (anisotropic) 
(Roux Associates Inc., 1990a and 1990d).
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Table 4. Hydraulic properties of sedimentary bedrock estimated 
from constant-rate aquifer tests, Durham Center area, Durham, 
Conn.

[USGS, U.S. Geological Survey; ft, feet]

Location

Merriam 
Manufacturing 
Co. well MW-2 
(USGS well 
D-150)

Merriam 
Manufacturing 
Co. lower zone 
(below 75 ft) of 
wellMW-4 
(USGS well 
D-148)

TVpe of test and Transmissivity
method of (feet squared Storativity
analysis per day) (dimensionless) Remarks

Theis type 
curve (Theis, 
1935)and 
distance- 
drawdown 
analysis using 
Jacob's method 
(Cobperatid * 
Jacob, 1946)

Theis type 
curve (Theis, 
1935)and 
straight-line 
method (Cooper 
and Jacob, 1946)

do.

do.

1*700

59 to 120

50 to 270

51 to 62 2.8xlO-4 to 
3.7xlO'4

3Jx»4 !6 
4.9x10^

2.1xlO-4 to 
6.4xlO'4

Brashears, and 
Graham, Inc. '

Analyzed by 
Roux
Associates Inc. 
(1990a)

Associates Inc.

Analyzed by 
Roux
Associates Inc. 
(1990d)

1Pumped well is identified as Durham Manufacturing Co. well no. 2 in Leggette, Brashears, and Graham, Inc. 
(1982) and as well no. 1 in aquifer test field notes used to record data (Robert LaMonica, Leggette, Brashears, and 
Graham, Inc., written commun., 1994)
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In January 1990, well MW-2 (USGS well 
D-150) was pumped at 2 gal/min for 7.5 hours 
and no drawdown was observed in nearby 
wells MW-1 and MW-3 (USGS wells D-151 
and D-189) (Roux Associates Inc., 1990a). 
Time-drawdown data from the third observa 
tion well, MW-5 (USGS well D-149) 170 ft 
from the pumped well, were used to calculate 
the transmissivity and storativity listed in 
table 4.

Aquifer tests in which a packer was used 
to isolate upper and lower zones of wells were 
also conducted at Merriam Manufacturing Co. 
in 1990 (Roux Associates Inc., 1990d). In one 
such test, the zone above a depth of 150 ft in 
well MW-1 (USGS well D-151) was pumped 
at a rate of 2.5 gal/min for 22 hours. Little 
drawdown was measured in nearby observa 
tion wells MW-2, MW-3, and MW-5 but no 
drawdown was measured in the nearest well 
MW-4 (USGS well D-148). Finally, water was 
pumped from the lower zone of well MW-4 
(below 75 ft) at a rate of 4 gal/min for 
20 hours. The drawdown in the lower zone at 
the end of the test was 59 ft, whereas no draw 
down occurred in the isolated upper zone. 
Despite the poor hydraulic connection between 
wells and even between zones in the same 
well, no significant differences in ground- 
water quality were found in samples collected 
during this test (Roux Associates Inc., 1990d).

Transmissivity was estimated by USGS 
from the specific capacity of 55 wells in this 
area for which yield and drawdown data are 
available. Most of these wells were 6-in. diam 
eter domestic wells that had been pumped for 
about 4 hours. Transmissivities that would 
result from specific capacities of about 0.01, 
0.1, and 1.0 gal/min/ft were calculated using 
the following formula developed by Theis for 
a 100-percent-efficient well (1963), and modi 
fied for artesian conditions by Brown (1963):

Q =
s

2641og* .87(r

where Q is the well yield in gal/min, s is 
the drawdown in ft, T is the transmissivity 
expressed in gal/d/ft, S is the storativity 
(dimensionless and assumed to be 5 x 10"4), 
t is the pumping period in days, and rw is the 
effective well radius in ft. Transmissivity was 
converted to ft2/d by dividing by 7.48--me 
number of gallons in 1 ft3 of water.

Results of these computations and spe 
cific capacity data from the 55 wells show that 
the estimated transmissivities are less than 
1.5 ft2/d at 9 percent of the sites; are 1.5 to 
20 ft2/d at 75 percent of the sites; and are 21 to 
277 ft2/d at 14.5 percent of the sites. At one 
site (USGS well D-178) representing the 
remaining 1.8 percent of the sample popula 
tion, the estimated transmissivity is about 
800 ft2/d.

Neither the intergranular porosity nor 
fracture porosity of the bedrock beneath 
Durham Center has been measured. A test per 
formed on a sample of sandstone collected 
from the Portland Formation at Portland, 
Conn, showed the intergranular porosity to be 
approximately 7 percent (Gregory, 1909, 
p. 105). Total porosities of samples of sedi 
mentary rocks from the New Haven Formation 
reported by Haeni and Anderson (1980) range 
from 2.9 to 11.1 percent. A median intergranu 
lar porosity of 5 or 6 percent is a reasonable 
estimate for sandstones and siltstones at 
Durham Center. The secondary porosity due to 
fracturing was estimated from the square-array 
de-resistivity soundings using the method 
described by Lane and others (1995). The esti 
mates of secondary porosity of 1.1 and 2.7 per 
cent made by this method assume no clay or 
mineralization in the fractures and that the 
anisotropy is entirely due to fractures. An esti 
mate of fracture porosity for similar fractured 
sedimentary rocks in Coventry, England, was 
less than 1 percent (Lerner and others, 1993a) 
and the estimates derived from analyses of the 
square-array resistivity data may be too high. 
On the other hand, the resistivity soundings 
were made in areas where a fault or fault zone
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is believed to be present and higher fracture 
porosity would be likely. 
Hvdrologic Models for the Bedrock

Two basic hydrologic models have been 
used to describe sedimentary bedrock aquifers 
such as underlie the Durham Center area 
(Michalski, 1990). The first model depicts the 
rocks as part of a single aquifer with horizontal 
to vertical anisotropy. An unconfined zone 
extends to depths of at least 250 ft, below 
which the conditions may be locally confined 
or semi-confined (leaky). Near-vertical 
fractures provide the principal pathways for 
ground water in this single aquifer model. In 
the second model, all the saturated bedrock is 
part of a multi-zone (or leaky multi-unit) 
aquifer system. No regional aquifers and 
confining units are identifiable in this system. 
The water-bearing zones could be large 
openings along bedding planes or layers of 
densely fractured rock; widely spaced, high- 
angle fractures, would provide pathways for 
leakage between these zones. These models 
represent two extremes and any intermediate 
combination of the two is possible.

The regional and local geohydrologic 
information is ambiguous and inadequate to 
resolve which hydrologic model or 
combination of models best describes the 
conditions in the Durham Center area. 
Geologic field observations at the regional 
scale tend to support the presence of a 
stratigraphically controlled multi-unit aquifer 
system. Gregory (1909) and Klimenok (1989) 
have noted contrasts in the degree of fracturing 
that are related to lithology and differences in 
well yields that also appear to be related to the 
lithology of the sedimentary rocks. Detailed 
examination of large quarry exposures of the 
Portland Formation at Portland, Conn., about 8 
mi from Durham, showed preferential flow of 
water in open bedding planes, especially along 
shaly partings and at the contact between strata 
of varying texture and composition (Gregory, 
1909, p. 108). However, significant flow of 
water (about 0.25 Mgal/d) from vertical joints

was also observed by Gregory (1909) at the 
Portland quarries. Bedding planes and 
geologic contacts between basalts and 
sedimentary rocks were identified as the most 
important conduits for ground-water flow in 
Durham by Klimenok (1989), although no 
specific field evidence was presented. 
Klimenok (1989) also observed that a relation 
existed between high well yields and steeply 
dipping faults in the Durham Center area and 
elsewhere in Durham.

Interpretations of the borehole-geophysi 
cal logs in appendix 1 show many zones where 
inflow or outflow of water are associated with 
high-angle fractures depicted in figure 10, as 
well as similar zones of inflow or outflow of 
water apparently unrelated to this type of frac 
ture. For example, in USGS well D-190, a 
large reduction in the upward ambient flow 
from almost 0.3 gal/min to about 0.02 gal/min 
is found in the depth interval between 114 and 
126 ft (appendix 1). Within this interval, the 
caliper and focused resistivity logs indicate a 
major open space, and the acoustic televiewer 
log interpretation is that the opening is a 
steeply dipping fracture (fig. 10). In this same 
well, downward flow of about 0.1 gal/min was 
found below 200 ft, but no fracture is apparent 
through which the water leaves the well bore. 
An increase in upward flow of 0.23 gal/min 
was measured between depths of 277.5 ft and 
260 ft in well D-129 and a large change in fluid 
resistivity was measured in the same depth 
interval (appendix 1). The acoustic televiewer 
log does not show any high-angle fractures, 
but a nearly horizontal bedding plane opening 
at a depth of 266 ft is the likely zone where 
water enters the well. Additional examples of 
the association, or lack of association, between 
ambient flow in wells and steeply dipping frac 
tures can be seen in other wells where heat- 
pulse flowmeter measurements and acoustic 
televiewer logs are available.

Two of the older bedrock wells in 
Durham Center, D-46 and D-48 (table 2 and 
fig. 7), reportedly flowed at the time they were 
constructed, although they were completed at
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relatively shallow depths of 135 ft and 125 ft, 
respectively. Shallow flowing wells are consis 
tent with the second (multi-unit) aquifer model 
but not the first (single-aquifer) model in 
which there is an extensive unconfined zone. 
Water levels in more recently drilled bedrock 
wells commonly exceed 20 ft below land sur 
face (table 2) but water levels in these younger 
wells are likely affected by pumping from the 
other nearby bedrock wells.

Other indicators of a multi-unit artesian 
or leaky aquifer system are variations in 
hydraulic head in nearby wells of similar depth 
and high vertical hydraulic gradients induced 
by layers of low permeability (Michalski, 
1990; Bishop and others, 1993a). Water-level 
measurements for 13 bedrock wells made by 
Roux Associates Inc. on January 15, 1990 
(Roux Associates Inc., 1990a), are shown in 
figure 18. This figure shows that water levels 
in nearby wells can differ by several feet, even 
when well depths are approximately the same. 
Another set of water-level measurements made 
by Leggette, Brashears, and Graham, Inc. 
(1982) on August 26, 1982, shows similar 
variability. At the time both sets of measure 
ments were made, however, pumpage of 
nearby wells was not controlled, and observed 
differences in water levels could be ascribed to 
differences in cumulative drawdowns resulting 
from pumpage throughout the area. Likewise, 
differences in water levels can result if nearby 
wells do not tap the same high-angle, water- 
yielding fracture. High vertical hydraulic gra 
dients have been measured at Merriam Manu 
facturing Co. where packers were used to 
isolate upper and lower zones in two bedrock 
wells. A head difference of almost 34 ft was 
reported (Roux Associates Inc., 1990d, appen 
dix B) after a packer was installed at a depth of 
150 ft to isolate the upper and lower zones in 
well MW-1 (USGS well D-151). The observed 
head difference could indicate the presence of 
a multi-unit artesian or leaky aquifer system 
or, alternatively, result from the local subsur 
face distribution of steeply dipping fractures. 
Although cited as evidence of a single or

multi-unit aquifer system, an anisotropic 
response to pumping, as was observed during 
the aquifer test at Durham Manufacturing Co. 
(Leggette, Brashears, and Graham, Inc., 1982), 
can occur in either system (Michalski, 1990).

The sparse and commonly ambiguous 
information that has been described to date 
indicates that bedrock geohydrologic condi 
tions at Durham Center are a hybrid, resem 
bling the single aquifer model in some aspects 
but also having many features of the multi-unit 
aquifer model. Furthermore, the high concen 
trations of organic halides are present not only 
southwest of purported source areas a direc 
tion that coincides with the primary orientation 
of the strike of most steeply dipping fractures 
and a large fault but also along a generally 
north to south axis which coincides with the 
strike of less common fractures, and the local 
strike direction of the sedimentary rocks. More 
data on horizontal and vertical head distribu 
tion, particularly under nonpumping condi 
tions, and the relative flow along bedding 
plane openings or fractured beds and dipping 
fractures would enable better definition of the 
nature of the bedrock aquifer or aquifers.

Ground-Water Flow

A local ground-water flow system has 
developed in response to the topographic relief 
and moderate recharge. This system is uncon 
fined and includes saturated till and at least the 
upper part of the saturated bedrock. Recharge 
to this system occurs in the topographically 
high areas, and discharge is to adjacent streams 
and wetlands, as shown in figure 6. The config 
uration of the water table is likely similar to 
the land surface, but has only been defined by 
measurements at Durham Manufacturing Co. 
(Leggette, Brashears, and Graham, Inc., 1982) 
and Merriam Manufacturing Co. (Roux Asso 
ciates Inc., 1990a). Measurements of the 
water-table altitude on August 5, 1982, made 
by Leggette, Brashears, and Graham, Inc. 
(1982) show that the horizontal direction of 
ground-water flow was eastward from the 
Durham Manufacturing Co. plant toward Ball 
Brook. The water-table gradient was about
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0.026 (Leggette, Brashears, and Graham, Inc., 
1982, fig. 6). Measurements of water levels in 
four wells (USGS wells D-200 to 203) east of 
Merriam Manufacturing Co. made on Novem 
ber 13, 1989 (Roux Associates Inc., 1990a), 
indicate that the horizontal ground-water flow 
at that time was to the southeast. The water 
table in till also fluctuates several feet a year, 
as shown by the hydrograph of the nearby 
USGS observation well D-117 (fig. 9), and 
over longer periods, fluctuations of more than 
16 ft have been observed in till wells else 
where in Connecticut (Melvin and others, 
1992b, p. 25). The water-table altitudes and 
hydraulic gradients at these two manufacturing 
locations consequently can be expected to dif 
fer from those observed in August 1982 and 
November 1989.

The withdrawal of water from the bed 
rock that underlies the till is likely to have 
resulted in significant vertical flow within the 
local ground-water-flow system. High vertical 
hydraulic gradients, even as high as 1:1, could 
result if pumpage from bedrock wells produces 
large drawdown in areas where the saturated 
till and bedrock are hydraulically well con 
nected. The high vertical gradients would 
induce vertical downward flow through the till 
that could exceed the horizontal flow. No head 
measurements in the area are adequate for 
defining vertical ground-water flow in the local 
flow system.

A larger intermediate- or regional-scale 
flow system is believed to be present at some 
depth in the saturated bedrock, as evidenced 
by the presence of moderate to high concentra 
tions of organic chemicals in ground water 
west and southwest of the drainage divide that 
separates Allyn Brook from Ball Brook (Met- 
calf and Eddy, 1994). The water-level mea 
surements from wells cannot be used, even to 
define the horizontal direction of ground-water 
movement within this system, because of the 
effects of cyclical pumping and vertical com 
ponents of flow. It is also likely that any large- 
scale flow is controlled by high-permeability 
zones created by fractures and openings along 
bedding planes.

Evidence also indicates that the many 
bedrock wells drilled in this area have altered 
the ground-water-flow system by connecting 
zones that were hydraulically isolated under 
natural conditions. The existence of vertical 
hydraulic gradients in bedrock wells (Roux 
Associates Inc., 1990d) and anomalies in fluid- 
temperature gradients, variations in fluid 
resistivity, and heat-pulse flowmeter 
measurements (appendix 1) all indicate that 
there is considerable circulation of water in at 
least some well bores under ambient 
(nonpumping) conditions. Vertical circulation 
of fluid in wells under pumping conditions 
may even be greater than indicated by the 
borehole logs.

Streamflow
Ball Brook and two of its unnamed tribu 

taries drain land on which Durham Manufac 
turing Co. and Merriam Manufacturing Co. are 
located (fig. 6) and receive ground-water run 
off from the local ground-water flow system. 
Wastewater discharges to these streams were 
reported by DOHS in 1970 (G. G. Bonadies, 
Connecticut Dept. of Health Services, written 
commun., 1970) and organic halides were 
detected in Ball Brook in 1982 (Leggette, 
Brashears, and Graham, Inc., 1982). Informa 
tion on the flow of Ball Brook and other 
streams in the Allyn Brook basin is therefore 
important for assessing water quality. Appar 
ently no Streamflow data were collected in the 
previous studies and no prior discharge mea 
surements of any streams in the Allyn Brook 
basin had been made by the USGS. Continu 
ous records of the flow of the Coginchaug 
River at downstream USGS stations in Mid- 
dlefield, Conn., (stations 011928.90 and 
011928.83) are available from October 1961 to 
the present (1994) and records of daily dis 
charge have been published in the annual 
series of USGS data reports titled "Water 
Resources Data for Connecticut." Streamflow 
in the Coginchaug River basin may be affected 
by infrequent releases from a recreational lake 
and diversions for agriculture, recreation, and 
water supply.
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EXPLANATION
BEDROCK WELL WHERE WATER LEVEL WAS MEASURED-
Upper number is altitude of water level on January 15. 1990. Lower numk 
is altitude of bottom of well. All measurements in feet above or below (-)
NGVD of 1929. Letter indicates local USGS well number (table 2): 
A D-150; B. D-189; C. D-151; D. D-149; E, D-148; F. D-145; G, D-180; 
H. D-78; I. D-134; J. D-136; K, D-135; L. D-133; M. D-147 (Note: Water 
levels may not represent static conditions because of possible pumping in 
nearby wells.) Data from Roux Associates Inc. (1990a).

Base modified from U.S. Army 
Corp. of Engineers, 1992 250

I
500 FEET

~ 

75 150 METERS

CONTOUR INTERVAL 5 FEET 
NATIONAL GEODETIC VERTICAL DATUM OF 1929

Rgure 18. Water levels in bedrock wells in the northern part of the Durham 
Center area, Durham, Conn., on January 15,1990.
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Five partial-record streamgaging sta 
tions, identified in table 5 and located in figure 
19, were established in April 1993 to provide 
data on low-flow characteristics and to support 
planned water-quality sampling by USEPA. 
Discharge measurements that were made at 
these stations between April 23, 1993 and Sep 
tember 22, 1993 are listed in table 5; rating 
curves developed from these measurements 
are shown in figure 20. Flow-duration esti 
mates for the various discharge measurements 
were made by constructing a flow-duration 
curve for the continuous record station on the 
Coginchaug River (station 011928.83) and 
then correlating the discharges at each partial- 
record station (other than station 011928.12) 
with the daily discharge at the Coginchaug sta 
tion. The estimated flow durations assigned to 
the discharge measurements at the partial- 
record sites (table 5) may not be equivalent to 
long-term flow durations because of the rela 
tively short record (1982-90) used to deter 
mine flow durations at station 011928.83. 
Flow durations could not be estimated for dis

charge measurements at the partial-record sta 
tion on one of the tributaries to Ball Brook 
(station 011928.12) because of the poor corre 
lation with daily discharges of the Coginchaug 
River.

Selected flow characteristics of streams 
in the Allyn Brook watershed can be roughly 
estimated by regionalization techniques. As an 
example, estimates of selected flow durations 
can be developed from regional flow-duration 
curves (Thomas, 1966). The 7-day, 10-year 
low flow at this or other locations can also be 
estimated from a regional formula developed 
by regression analyses (Cervione and others, 
1982). It should be noted that the regionaliza 
tion techniques for estimating flow duration 
and low-flow frequency apply only to unregu 
lated streams and are based on the reference 
period October 1, 1930 through September 30, 
1960 for flow duration, and the reference 
period April 1, 1941 through March 31, 1971 
for the 7-day, 10-year low flow.
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7241* 7240'30"

41 29' - 

4128-30-

A U.S. Geological Survey partial-record streamflow- 
gaging station and identification number

...MI \c \\\wsf<-;
Base from U.S. Geological Survey 
Durham 1:24,000.1964 
Photorevised 1984

1.200 FEET

0 360 METERS

CONTOUR INTERVAL 10 FEET 
NATIONAL GEODETIC VERTICAL DATUM OF 1929

Figure 19. Locations of U.S. Geological Survey partial-record streamflow-gaging 
stations in the Allyn Brook drainage basin, Durham, Conn.
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Table 5. Discharge measurements and flow-duration estimates for Allyn Brook and 
selected tributaries in Durham, Conn., in 1993

[Locations shown in fig. 19; D.A., drainage area; mi2, square mile; --, not estimated]

Name, U.S. 
location, and Geological 

drainage area of Survey 
measurement site station 

(square miles) number

ra&iitary to Ball 011928.12
Brook (northern) at
BridcLane
D.A. «= 0.01 mi2

Tributary to Ball 011928.13
Brook (southern)
at Brick Lane
D.A. = 0.28 mi2

pallBrookat 011928,15
1 Maiden Lane

- f-H
3, l-'-J-^jtV' 2S£ -I- -f\ 'JUl-IJ: =::; JL<»*r.V* !̂  i..»\Jr IJ.IA

I*
jjl
r
!*S<WKK 18

Date

April 23, 1993
May 7, 1993
May 25, 1993
June 9, 1993
June 17, 1993
July 22, 1993
Aug. 6, 1993
Aug. 13, 1993
Aug. 26, 1993
Sept. 22, 1993
Sept 22, 1993
April 23, 1993
May 7, 1993
May 25, 1993
June 9, 1993
June 17, 1993
July 22, 1993
Aug. 6, 1993
Aug. 13, 1993
Aug. 26, 1993
Sept. 22, 1993
April 23, 1993
May 7, 1993
May 25, 1993
June 9, 1993
June 17, 1993
Aug, 6, 1993
Aug* 13, 1993

Discharge, in 
cubic feet per 

second

0.46
.22
.01
.02
.02
.00
.00
,00
,00
.07
.05

0.55
.34
.16
.10
.04
.01
.00
.00
.01
.17

6.9
3.2
1,1
.73
39
Ul

* JO "*

Estimated 
flow duration, 

in percent

~».
 .,
 
~~
-~
~
~~.  

"~" i"

__
 

11
26
62
77
91

100
100
100
96
59
11 j
28 j
-68 g j J

;: 7?_

*m |
W |

13
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Table 5. Discharge measurements and flow-duration estimates for Allyn Brook and 
selected tributaries in Durham, Conn., in 1993-continued

[Locations shown in fig. 19; D.A., drainage area; mi2, square mile; --, not estimated]

Name, U.S. 
location, and Geological 

drainage area of Survey 
measurement site station 

(square miles) number
| Mersig Bibofc at 011928.17
^iyii Brook Park
'IIMte. « S.8 mi2

is 
s: 
»
£

|

1

SttSiSSSiSSSSKSS!

1
Allyn Brook below 01 1928. 19
Route 17
D. A. = 5.1 mi2

Date

April 23.1993
May 7, 1993
May 25, 1993
June 9, 1993
June 17, 1993
July 1% 1993
July 22, 1993
Aug. 6, 1993
Aug, 13, 1993
Aug. 26, 1993
Sept. 22, 1993
April 23, 1993
May 7, 1993
May 25, 1993
June 9, 1993
June 17, 1993
July 22, 1993
Aug. 6, 1993
Aug. 13, 1993
Aug. 26, 1993

Discharge, in 
cubic feet per 

second

19 " *
9.3
111

'2,2 8:
115"

*6ft
31
.28
.29
,59

3.0
»:«

22
9.6
3.9
2.9
1.5
.42
.27
.31
.67

Estimated 
flow duration, 

in percent

« * 1,1 1; " *!

31 ^
?jf(\ P^ -IK
:..... s

77
-85- f

92
Qo'^l*

::, "^ 1

K :99: j
99
93
71
11
33
70
76
87
98
99
99
95
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TRIBUTARY TO BAU. BROOK! 

ATBRKXUNE ; 

AT DURHAM. COW*

0.1 O2 0.3 0.4 OS 

DISCHARGE. IN CUBIC FEET PER SECOND

01-1128.13

TBBUTABY TO BAU. BROOK

ATBRKXUNE

AT DURHAM COIW.

01-1921 IS 

BAU. BROOK 

ATMNOENLWC 

AT DURHAM CONN.

DISCHARGE. IN CUBIC FEET PER SECOND

01.102117
HERSIG BROOK
AT AUYN BROOK PARK -

AT DURHAM CONN.

DISCHARGE. IN CUBIC FEET PER SECOND

DISCHARGE. IN CUBIC FEET PER SECOND

I ' I

AT DURHAM CONN.

20 22

DISCHARGE. IN CUBIC FEET PER SECOND

Figure 20. Rating curves for U.S. Geological Survey partial-record 
streamflow-gaging stations in the Allyn Brook drainage basin, Durham, Conn. 
(Numbered points are measured discharges used to define the rating curves.)
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WATER QUALITY OF THE DURHAM 
CENTER AREA

Water quality is a primary environmental 
concern in the Durham Center area particu 
larly the quality of ground water that is used 
for domestic and institutional (schools and 
churches) purposes. A complete and accurate 
characterization of historic or current (1994) 
water quality is not possible with the existing 
data. Surface-water-quality data are sparse, 
with only four sampling events in a 23-year 
period. Ground-water-quality data are rela 
tively abundant with respect to the number of 
chemical analyses; more than 1,000 analyses 
are contained in the data summary compiled 
by Metcalf and Eddy (1994). These analyses 
are commonly incomplete, lacking many of 
the constituents that are of interest, and the 
analyses are mostly of water samples taken 
from the wells monitored by Durham Manu 
facturing Co., Merriam Manufacturing Co., 
and Regional School District 13. Water from 
most wells in the study area, other than those 
that are routinely monitored, has been sampled 
only once or twice since 1982. Also, not all 
wells located beyond the limits of known 
ground-water degradation have been sampled. 
Other factors that make it difficult to character 
ize water quality using existing data are the 
different procedures used by the many differ 
ent individuals, companies, and laboratories 
that have collected or analyzed water samples; 
the different minimum reporting levels 
reported for some constituents; the lack of doc 
umented sampling protocols; and the appar 
ently limited quality-assurance and quality- 
control procedures that were used (Metcalf and 
Eddy, 1994).

Several organic chemicals found in the 
water have also been detected in samples of 
soil and glacial sediments and of soil gas at a 
few sites within the Durham Center area (Roux 
Associates Inc., 1983, 1988, 1990a; E. Z. Har- 
rison, Connecticut Department of Environ 
mental Protection, written commun., 1982; 
D.A. Costolnick, Roux Associates Inc., written

commun., 1990; Robert La Monica, Leggette, 
Brashears, and Graham, Inc., written com 
mun., 1992; Haley and Aldrich, 1992). Data on 
contaminated soils and underlying glacial sedi 
ments, available only for the Merriam Manu 
facturing Co. area property, have been 
summarized by Metcalf and Eddy (1994) and 
are not presented in this report. Organic 
halides and aromatic compounds have been 
detected; the highest concentrations were gen 
erally found in shallow samples collected in 
1982 during the earliest investigation. Maxi 
mum concentrations of organic compounds in 
core samples collected at shallow depths (up to 
2.5 ft below land surface) in 1982 were: TCE, 
3,000 |Lig/kg; 1,1,1-TCA, 720 |Lig/kg; PCE, 
256,000 |Hg/kg; benzene, 25,000 |Lig/kg; tolu 
ene, 43,000 |Lig/kg; and xylenes, 11,000 |Lig/kg 
(Roux Associates Inc., 1983). Lower concen 
trations of organic halides were measured in 
samples collected from greater depths (as deep 
as 16 to 20 ft) during subsequent studies (Roux 
Associates Inc., 1988, 1990a) and these data 
are summarized by Metcalf and Eddy (1994, 
tables 3-2, 3-3, and 3-4).

Nature of the Organic Compounds

The organic compounds detected in sam 
ples of water, soil, glacial sediments, and soil 
gas from the Durham Center area are listed in 
table 6. Some of the important physicochemi- 
cal properties of these compounds are summa 
rized in table 6 and additional information is 
contained in standard references such as Vers- 
chueren (1983). The solubilities of these 
organic compounds in water, although com 
monly low, are much higher than the maxi 
mum contaminant levels (MCUs) established 
for drinking water by the USEPA (1992). It 
also should be noted that most of these com 
pounds are highly volatile.

Almost all of the organic compounds in 
table 6, including those commonly found in 
the study area, can be present in the subsurface 
in a vapor phase, an aqueous phase (dissolved 
in water), or a nonaqueous phase (a separate, 
undissolved liquid phase that is also termed an
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"immiscible phase"). The vapor phase occurs 
in the unsaturated zone, and migration of the 
vapors can contribute to the spread of ground- 
water contamination. Nonaqueous phase liq 
uids in the subsurface makes it difficult to 
assess the extent of contamination or to 
develop feasible alternatives for remediation 
(Newell and Ross, 1992). The term "NAPL" is 
used to refer to the undissolved nonaqueous 
phase liquids. NAPL's are further subdivided 
on the basis of density into those compounds 
less dense than water (LNAPL's) and those 
compounds denser than water (DNAPL's).

Direct observation of NAPL's in either 
ground water or soils has not been reported by 
previous investigators. However, the existence 
of NAPL's, and particularly DNAPL's, is diffi 
cult to determine in fractured media (Kueper 
and others, 1992). Indirect evidence that 
DNAPL's were, and may still be, in the subsur 
face includes the long period during which sig 
nificant quantities of TCE and other organic 
halides were used in manufacturing, the dis 
posal of wastewater containing these com 
pounds into unlined lagoons and subsurface 
drains, and high concentrations of TCE (21 
and 118 mg/L) and other organic halides in 
water samples collected in August 1982 from 
wells at Durham Manufacturing Co. (Leggette, 
Brashears, and Graham, Inc., 1982). The sam 
pled wells (USGS wells D-193 and D-197) 
were installed in till and were located down- 
gradient from a former storage area for sol 
vents (well D-193) and a leaching field (well 
D-197). The observed concentrations of TCE 
were greater than 1 percent of its solubility of 
1,100 mg/L; this, according to Newell and 
Ross (1992), indicates the potential for 
DNAPL at a site.

Many of the organic compounds in table 
6 can degrade under natural conditions into 
simpler compounds, many of which are also 
listed in this table. For example, PCE can 
degrade to TCE, which can degrade into one of 
the dichloroethenes (most commonly cis-1,2- 
DCE, followed by 1,1-DCE and trans-1,2- 
DCE), which in turn can degrade into vinyl

chloride (Vogel and others, 1987; Burston and 
others, 1993; Fetter, 1993). Degradation path 
ways for other organic halides into less haloge- 
nated compounds are described by Vogel and 
others (1987). The aromatic compounds, such 
as benzene and toluene, are also capable of 
natural degradation and several examples are 
cited by Fetter (1993, p. 328-329). Experi 
ments by Acton and Barker (1992) indicate 
that biodegradation of aromatic compounds in 
anaerobic ground water can be selective. 
Rapid degradation of toluene was observed in 
these experiments in contrast to slow degrada 
tion of benzene and chlorobenzene.

Sources of Organic Compounds

As noted in the introduction to this 
report, the DEP concluded in 1982 that the 
organic compounds in the ground water 
resulted from storage, handling, and waste-dis 
posal practices at Durham Manufacturing Co. 
and Merriam Manufacturing Co. Subsequent 
investigations have found contaminated 
ground water at both facilities and contami 
nated soil and glacial sediments at Merriam 
Manufacturing Co. (Leggette, Brashears, and 
Graham, Inc., 1982; Roux Associates Inc., 
1983, 1988,1990a). Other potential sources of 
organic compounds have been reported (E. Z. 
Harrison, Connecticut Department of Environ 
mental Protection, written commun., 1982; 
John Negrich, Durham Manufacturing Co., 
written commun., 1984; Durham Water Pollu 
tion Control Authority, written commun., 
1982; Robert LaMonica, Leggette, Brashears, 
and Graham, Inc., written commun., 1984, 
1992). Low concentrations of some organic 
constituents also may have resulted from use 
and disposal of household products containing 
these chemicals. A recent study of relations 
between land use and ground-water quality in 
Connecticut (Grady, 1994) found low concen 
trations of toluene (0.2 - 0.3 |ig/L), 1,1,1-TCA 
(0.2 - 2.1 ^ig/L), TCE (0.2 - 4.4 ^ig/L), PCE 
(0.2 - 0.3 |ig/L), chloroform (0.2 -1.3 |ig/L), 
and methylene chloride (8.8 -11 |ig/L) to be
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widespread in samples of ground water 
collected from the upper part of the saturated 
zone beneath unsewered residential areas. The 
presence of these compounds, in some cases, 
was ascribed to use and disposal of household 
chemical products through septic tanks 
(Grady, 1994, p. B29). Higher concentrations 
of these constituents are commonly associated 
with industrial and (or) commercial land use.

Some organic compounds have been 
reintroduced into the subsurface in the Durham 
Center area. Ground water containing organic 
compounds that is withdrawn by wells is 
largely discharged into septic tanks or onto the 
ground. Until effective filtration units were 
placed on water-supply systems with high 
concentrations of organic chemicals, these 
discharges of degraded water probably 
affected the subsurface distribution and 
concentrations of these chemicals.

The principal organic halides that were 
used and their reported periods of use at 
Durham Manufacturing Co. are TCE (from the 
1940's to 1973), 1,1,1-TCA (from 1973 to 
1976), and methylene chloride (since 1973). 
Merriam Manufacturing Co. used TCE and 
methylene chloride from an unspecified time 
until 1986 when they switched to 1,1,1-TCA 
(Caren Spieske, Connecticut Department of 
Environmental Protection, written com- 
mun.,1986). No information was found in the 
USGS review of reports and files that would 
allow estimates of the quantities of these 
organic chemicals that were released to the 
subsurface. The other organic compounds that 
were detected in samples of water, soil, and 
glacial sediments were reportedly used by one, 
or both of these companies, or are degradation 
products of compounds that were used (G. G. 
Bonadies, Connecticut Dept. of Health Ser 
vices, written commun., 1970; Beth Flores, 
Connecticut Department of Environmental 
Protection, written commun., 1981; Kenneth 
Major, Connecticut Department of Environ 
mental Protection, written commun., 1982; 
Leggette, Brashears and Graham, Inc., 1982;

M. A. Dones, Connecticut Department of 
Environmental Protection, written commun., 
1984; Daniel Pearson, Merriam Manufacturing 
Co., written commun., 1987).

Quality of Surface Water
Streams in the study area were sampled 

at least four times during 1970-93. Water from 
a small artificial pond that receives wastewater 
from Durham Manufacturing Co. also was 
analyzed intermittently. The DOHS collected 
and analyzed samples from Ball Brook and a 
tributary to Ball Brook in March 1970 as part 
of the investigation of contamination at the 
Frank W. Strong School. Samples from Ball 
Brook and Hersig Brook were collected and 
analyzed in August 1982 as part of the Durham 
Manufacturing Co. study by Leggette, Bras- 
hears, and Graham, Inc. (1982). Roux Associ 
ates Inc. collected and analyzed samples from 
three locations on a tributary to Ball Brook in 
October 1989 (Roux Associates Inc., 1990a, 
1990b). The latest surface-water sampling was 
done for USEPA by Metcalf and Eddy Inc. in 
July and August 1993. Nine samples, collected 
from Ball Brook, a tributary to Ball Brook, 
Hersig Brook, and Allyn Brook, were analyzed 
by a USEPA contract laboratory. Approximate 
locations of all surface-water-quality sam 
pling sites are shown in figure 21.

The 1970 analyses by DOHS are qualita 
tive, indicating only that an organic compound 
is present as a major or trace component of the 
sample (G. G. Bonadies, Connecticut Depart 
ment of Health Services, written commun., 
1970). The analyses are also limited to a few 
organic chemicals. Chloroform was the only 
major component found in the samples col 
lected from Ball Brook and one of its tributar 
ies. The other organics reported in the DOHS 
analyses include "petroleum ether," ethyl 
ether, and tetrachloroethane, all of which were 
contained in a sample collected from a site on 
Ball Brook east of Durham Manufacturing Co. 
Analytical data for surface-water samples col 
lected in August 1982 are contained in Leg 
gette, Brashears, and Graham, Inc. (1982)
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Rgure 21. Locations of surface-water-quality sampling sites in the Durham Center 
area, Durham, Conn.
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and are summarized in table 7. Analytes 
include selected inorganic and organic constit 
uents, total dissolved solids, total organic car 
bon, total organic halides, and pH. These data 
show concentrations of inorganic constituents 
and total dissolved solids that are within the 
observed range for natural streams in this 
region under low-flow conditions (Weiss and 
others, 1982). TCE was detected at low con 
centration (1.6 |ig/L) at the upstream site on 
Ball Brook and at higher concentration (5.0 
|ig/L) at the downstream site where 1,1,1-TCA 
was also present. The concentration of TCE at 
the downstream location was equal to the 
present MCL in drinking water (table 6). 
Streamflow on the sampling date in this part of 
Connecticut was relatively low-about 80-per 
cent duration, as estimated from daily flow 
records of the Coginchaug River collected at 
USGS station 01192883. Streamflow at this 
flow duration consists largely or entirely of 
ground-water runoff. The organic halides 
detected in the samples were likely transported 
through the shallow ground-water flow system 
that discharges to Ball and Hersig Brooks; or 
their source could have been overflow from the 
then-existing wastewater lagoons at the manu 
facturing facilities that flowed eastward over 
the land surface to Ball Brook.

The three water samples collected on 
October 16, 1989, from two tributaries to Ball 
Brook located east of Merriam Manufacturing 
Co., were analyzed for a suite of organic 
halides using USEPA method 8010 (Roux 
Associates Inc., 1990a, p. 4-21). One sample 
was collected where the main tributary enters 
the Merriam property (Cl in fig. 21); the other 
two samples were collected near Brick Lane 
(C2 in fig. 21). None of these organic com 
pounds were detected in any of the samples.

Water samples collected in July 1993 for 
USEPA were analyzed for 24 inorganic con 
stituents and an extensive suite of organic 
compounds, including volatile and semivola- 
tile organic compounds, semivolatiles, pesti 
cides, and polychlorinated biphenyls. The

analyses and field measurements of water tem 
perature, conductance, pH, and dissolved oxy 
gen are presented in the report by Metcalf and 
Eddy (1994, appendix I). Concentrations of 
inorganic constituents for which drinking 
water MCL's have been established (U.S. 
Environmental Protection Agency, 1992) did 
not exceed those limits. The concentrations of 
iron (as high as 4.2 mg/L) and manganese (as 
high as 1.0 mg/L) in water samples collected at 
sites SW-1, SW-6, SW-7, SW-9, and SW-10 
(fig. 21) did exceed the National Secondary 
Drinking Water Standards of 0.3 mg/L and 
0.05 mg/L, respectively (U.S. Environmental 
Protection Agency, 1992). The inorganic ana 
lytical data were also compared to ranges of 
concentrations for natural streams at low flows 
reported by Weiss and others (1982, table 22). 
For the constituents that were common to both 
data sets (calcium, iron, magnesium, manga 
nese, potassium, and sodium), only the iron 
and potassium concentrations at site SW-1 
were above the range observed for natural 
streams in this part of Connecticut.

No organic compounds were detected at 
or above the reporting limits of the analysis, 
with the exception of cis-l,2-DCE, which had 
a reported concentration of 0.5 |ig/L at site 
SW-9 (fig. 21) (Metcalf and Eddy, 1994, table 
3.7). Estimated flow duration of local streams 
was also low during the July sampling (about 
90-percent duration), and water in the sampled 
streams was likely ground-water runoff. The 
near absence of organic halides in the 1993 
samples may indicate that these compounds 
are no longer being discharged into the streams 
from any source or that organic compounds 
entering the streams are present at concentra 
tions below the analytical reporting limits 
because of dilution or rapid volatilization.

The pond east of Durham Manufacturing 
Co. that receives wastewater from this facility 
was sampled and analyzed several times 
between 1985 and 1988. Low concentrations 
of TCE (up to 20 |ig/L), 1,1,1-TCA (up to 12 
|ig/L) and PCE (up to 7 |ag/L) were reported
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Table 7. Analytical data for surface-water samples collected at Durham, Conn, on 
Augusts, 1982
[Data from Leggette, Brashears, and Graham, Inc., 1982. Sampling locations are shown in figure 21. 
mg/L, milligrams per liter; |ig/L, micrograms per liter; <, less than]

Location

Constituent or property Ball Brook at Maiden 
Lane

Hersig Brook at 
Picket! Road

1 Arsenic (mg/L) 
Barium (mg/L) 

; Cadmium (ms/L)
:.: . ..- ---: - ..... .- ---- -. . -V &T ?

Chromium (mg/L)

<&05 
.53 .18

Mercury (mg/L) 
f Selenium (mg/L) 
Silver (mg/L)

<.05 
<05 
<.002

<05 
<05 

<.002

Chloride (mg/L)
Ribtal dissolved solids (mg/L)
pH (units)
Total organic carbon (mg/L)
1,1,1-trichloroethane Qig/L)

Tetrachloroethene (jig/L) 
Methylene chloride (mg/L) 
Methyl ethyl ketone (mg/L) 
Benzene (mg/L) 
Toluene (mg/L) 
Xyleries (mg/L) 
Total organic halides (|ig/L)

10.8
11

100

7.1

17

1.6

<.20 

<.20 

<05 

<.20

10

7.3

14

3.4

<20 

<.20 

<05 

<.20

(Metcalf and Eddy, 1994, appendix B). This 
pond is reportedly unlined, and the bottom is 
close to the surface of the bedrock (John 
Negrich, Durham Manufacturing Co., oral 
commun., 1993).

Quality of Ground Water

The major water-quality problem in the 
Durham Center area is the deterioration of 
ground-water quality in the bedrock-aquifer

system as a result of human activities. At least 
20 synthetic organic compounds were detected 
in ground-water samples collected from this 
area since January 1982 (table 6). The most 
commonly detected compounds were the 
organic halides TCE, 1,1,1-TCA, and PCE. 
Twenty-three other aliphatic and aromatic 
hydrocarbons were detected less frequently 
(table 6) and other synthetic organic com 
pounds may have been present at concentra-
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tions below detection levels or were not 
included in the analysis.

The magnitude and extent of the 
degradation of ground-water quality in the 
glacial sediments (till and stratified drift) is not 
as well-defined as it is in the underlying 
bedrock. Only the ground water in the glacial 
sediments beneath the Durham Manufacturing 
Co. property and a wetland area directly east 
of Merriam Manufacturing Co. is known to 
have been degraded by organic chemicals 
(Leggette, Brashears, and Graham, Inc., 1982; 
Roux Associates Inc., 1990b). Some of the 
wells elsewhere in the Durham Center area 
that contained organic compounds in water, 
however, may be completed in till; records 
identifying the aquifer were not found for 
every well. Six observation wells (USGS wells 
D-193 to 195 and D-197 to 199) completed in 
till at Durham Manufacturing Co. were 
sampled on August 9, 1982, and the resulting 
analyses are contained in the reports by 
Leggette, Brashears, and Graham, Inc. (1982) 
and Metcalf and Eddy (1994, appendix D-2). 
The highest known concentrations of TCE 
(118,000 |Lig/L), 1,1,1-TCA (9,300 u,g/L), PCE 
(2,900 |Lig/L), methylene chloride (7,100 
|LLg/L), methyl ethyl ketone (2,000 u,g/L), 
toluene (37,000 |ig/L), and xylenes (310 |ig/L) 
in water from the Durham Center area were 
detected in the samples from wells D-193 and 
D-197 (fig. 7). These two wells were 
resampled on August 26, 1982, and the 
concentrations of TCE reportedly declined 
from 21,200 to 13,400 |ig/L in D-193 and from 
118,000 to 34,000 |Lig/L in D-197. Large 
decreases in concentrations of 1,1,1-TCA and 
PCE were also reported (Leggette, Brashears, 
and Graham, Inc., 1982). The last known 
sampling of these wells was in March 1983, by 
which time concentrations of TCE had 
declined to 610 u.g/L in D-193 and 6,500 |Lig/L 
in D-197 (Robert LaMonica, Leggette, 
Brashears, and Graham, Inc., written 
commun., 1983).

One inorganic constituent, barium, was 
also detected in concentrations greater than its

drinking water MCL of 1 mg/L (U.S. Environ 
mental Protection Agency, 1992) in five of the 
six monitoring wells sampled on August 9, 
1982 (all except well D-195). The'source of 
the elevated barium concentrations (as high as 
8.5 mg/L) could not be definitely established. 
Barite (barium sulfate) is widely used as a pig 
ment in paint (Parker, 1992, p. 108), and the 
high concentrations may reflect its presence in 
wastewater containing paint residue that was 
disposed of in this area. Barite also occurs 
locally in the Portland Formation (Hubert and 
others, 1992). No analyses of barium in ground 
water from the Portland Formation were found 
in USGS files, but Grady (1994, table 5) 
reported that barium concentrations greater 
than 100 |ig/L are common in ground water 
from stratified-drift aquifers underlying resi 
dential, commercial, and industrial land in 
Connecticut.

The 500 mg/L concentration of chloride 
detected in water collected from well D-197 on 
August 9, 1982, exceeded the maximum con 
taminant level of 250 mg/L specified in the 
National Secondary Drinking Water Regula 
tions (U.S. Environmental Protection Agency, 
1992). The high chloride and an elevated cal 
cium concentration were ascribed to use of 
road salt and calcium chloride treatment of 
wastewater by the Durham Manufacturing Co. 
(Leggette, Brashears, and Graham, Inc., 1982).

Four shallow wells (USGS wells D-200 
to D-203) in the wetland area between Mer 
riam Manufacturing Co. and Brick Lane (fig. 
7) were sampled on October 12, 1989; at the 
same time samples of water were collected 
from nearby streams (Roux Associates Inc., 
1990a, 1990b). Organic halides, including 
TCE (13 to 289 |Lig/L), 1,1,1-TCA (12 u.g/L), 
PCE (7.0 |lg/L), trans-l,2-DCE (34 to 77 
|Lig/L), and 1,1-DCA (5.0 (Lig/L), were detected 
in samples from wells D-200, D-201, and D- 
202 (Roux Associates Inc., 1990a, table 4-6). 
These wells are all less than 5 ft deep and their 
logs (Roux Associates Inc., 1990b, appendix 
B) indicate that they are completed in either 
stratified drift or postglacial sand, silt, and
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clay. The water-table gradient in this wetland 
area is southeastward, away from the Merriam 
Manufacturing Co. No organic compounds 
were detected in water from well D-203, 
which is farthest downgradient.

Data on inorganic constituents in ground 
water from the sedimentary bedrock are 
sparse; they consist of a partial analysis of 
trace metals in a sample collected in 1982 from 
the Merriam Manufacturing Co. well (USGS 
well D-211) (Roux Associates Inc., 1983), 
DOHS partial analyses of samples collected 
between 1984 and 1991 from 14 wells in the 
Durham Center area (William Milardo, 
Durham Health Department, written commun., 
1993), and USGS analyses of samples col 
lected in 1971 and 1972 from 3 wells near 
Durham Center (USGS wells D-50, D-107, 
and D-108). The water sample from well D- 
211 contained 140 u,g/L of copper, 30 u,g/L of 
chromium, and 240 u,g/L of barium; nonde- 
tected analytes were lead and hexavalent chro 
mium (Metcalf and Eddy, 1994, appendix E). 
The DOHS analyses included few constituents 
and varied with respect to the analytes. Ranges 
of concentrations or values and the number of 
analyses (in brackets) for various constituents 
or properties are: sodium, 13-32 mg/L [14]; 
sulfate, 17-35 mg/L [13]; nitrate, 0.1-5.1 mg/L 
[11]; chloride, 11-56 mg/L [8], hardness, 110- 
190 mg/L [14]; and pH, 7.6-8.2 [14]. The more 
comprehensive USGS analyses are summa 
rized in table 8. None of the constituents in 
these analyses, except for nitrate in water from 
USGS well D-108, exceeded the MCL's in the 
National Primary Drinking Water Regulations 
(U.S. Environmental Protection Agency, 
1992). The high nitrate (19 mg/L) and potas 
sium (6.4 mg/L) concentrations in the water 
sample from well D-108 indicate that contami 
nation may be from agricultural sources.

Almost all the organic compounds in 
table 6 were detected in ground-water samples 
collected from wells that tap the bedrock-aqui 
fer system. TCE is the most widespread con 
stituent and was detected in all but a few of the

water samples collected from bedrock wells 
since January 1982. Concentrations of other 
organic halides, particularly 1,1,1-TCA, are 
also high (in excess of established MCL's for 
drinking water) in many of the analyses (Met 
calf and Eddy, 1994). In several of the wells 
monitored by Merriam Manufacturing Co., the 
concentration of 1,1,1 -TCA is commonly 
greater than TCE and may be as high as sev 
eral hundred micrograms per liter (Metcalf and 
Eddy, 1994).

The distribution of TCE in ground-water 
samples analyzed during January 1982 - Feb 
ruary 1983, when widespread contamination 
was first recognized, is shown in figure 22. 
Observed distributions of TCE concentrations 
in water from bedrock wells in the north and 
central part of the study area in September 
1989, December 1989, and January 1990 have 
been depicted by Roux Associates Inc. (1990a, 
figs. 4-1 and 4-2). The maximum concentra 
tion of TCE in water samples from monitored 
bedrock wells in the first half of 1993 is shown 
in figure 23. The highest observed concentra 
tions of TCE in water from the bedrock-aqui 
fer system to date were 4,500 u,g/L, measured 
in a sample collected from USGS well D-191 
(Strong School) in October 1983 (Regional 
School District 13, written commun., 1993); 
5,491 u,g/L in a sample collected from USGS 
well D-211 (Merriam Manufacturing Co. pro 
duction well) on September 15, 1988 (Roux 
Associates Inc., 199la); and 4,995 u,g/L in a 
sample collected from a well at 199 Main 
Street (Distasio residence, directly south of 
Durham Manufacturing Co.) in October 1992 
(William Warzecha, Connecticut Department 
of Environmental Protection, written com 
mun., 1993). Concentrations of TCE greater 
than 100 jxg/L shown in figures 22 and 23, and 
reported by Roux Associates Inc. (1990a), are 
consistently found in water samples from wells 
at the manufacturing facilities and to the south 
west and south. The southwestern direction is 
also the strike direction of the primary frac 
tures in the bedrock as determined from bore-
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Table 8. Analysis of water samples from wells tapping the Portland Formation near 
Durham Center, Durham, Conn.
[All analyses by U.S. Geological Survey; mg/L, milligrams per liter, |lg/L, micrograms per liter; 
°C, degrees Celsius; jiS/cm, microsiemens per centimeter; --, no data reported]

Constituent or property

Local well number and date sampled 

D-50 (3-25-71) D-107 (4-6-72) D-108 (4-6-72)

Specific conductance (u,S/cm) at 
25°C

1U5 

430 433 608

J pH (standard units)
Carbon dioxide (mg/L as CO2)

: Alkalinity, field (mg/L as CaCO3)
Nitrate, total (mg/L as N)
Hardness, total (mg/L as CaGQ*)

  r- >. V** " ' " *Jf

Hardness, noncarbonate (mg/L as
CaCO3)

1 Calcium (mg/L)
Magnesium (mg/L)
Sodium (mg/L)
Potassium (mg/L)
Chloride (mg/L)
Sulf ate (mg/L)

; Fluoride (mg/L)
Silica (mg/L)

priori (jLlg/L)
Manganese (u,g/L)
Solids, dissolved (mg/L)

&3
.1

177

0.4

160 ""

0

37

17

33

1.0

7.5

38

0.5
 

50

0

244

8.0

3.6

185

0.0

00

0

46

14

32

2.0
""'""'"" 55

41

a2
12

260

230

264

*. s\^Hr^ril
8.4

i^i  
19.0

MJ
Si

99

- 85

14

10

6.4

29

28

0.1

15

130

0

290

hole and surface-geophysical data, whereas a 
north-south direction coincides with the strike 
of the bedding in the sedimentary rocks and 
the secondary strike direction of bedrock frac 
tures (fig. 16).

Concentrations of TCE and other organic 
compounds in ground water in the Durham 
Center area vary with respect to time as well as 
location. Concentrations of selected ethene-

series organic halides measured in water sam 
ples collected from bedrock wells are shown in 
figures 24 through 27. The locations of the 
wells are shown in figure 28. These graphs 
(fig. 24 to 27) show there can be large differ 
ences in measured concentrations with respect 
to time and physical location. No statistical 
analyses have been performed to determine 
general or seasonal trends.
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Reported concentrations, including 
nondetections, of TCE and other ethenes in 
water samples collected from USGS well 
number D-191 at the Frank W. Strong School, 
for March 1981 through August 1993, are 
shown in figure 24. The water from this well, 
located in the southern part of the study area 
(fig. 28), is the first known to have been 
contaminated. The graph in figure 24 shows 
consistently high levels of TCE, generally 
greater than 1,000 |LLg/L. PCE is reported 
throughout much of the period of record, 
except for late 1982 until early 1985, and early 
1992 through the end of the period. The other 
constituents, 1,1-DCE, trans-l,2-DCE, andcis- 
1,2-DCE, are degradation products of TCE and 
PCE that were only analyzed intermittently 
and concentrations fluctuated considerably. 
Many of the available organic analyses do not 
include compounds that are degradation 
products of the principal contaminants (TCE, 
1,1,1-TCA, and PCE) and, therefore, an 
assessment of water quality is incomplete.

The reported concentrations of TCE and 
other ethenes in water samples collected from 
USGS well number D-78 from May 1986 
through May 1993 are shown in figure 25. The 
water from this well, located in the northern 
part of the study area, also shows high levels 
of TCE throughout the period of record, 
although concentrations are lower than at well 
D-191. Analyses do not consistently include 
PCE, 1,1-DCE, and trans-l,2-DCE until 1988.

Reported concentrations of TCE, 
including nondetections, in water samples 
collected from three wells (USGS well D-191 
and two unnumbered wells) in the southern 
part of the Durham Center area from January 
1985 to August 1993 are shown in figure 26. 
The three wells are in close geographical 
proximity and a visual inspection of the graph 
indicates a hydrologic relation among these 
data. The analytical data appear to form a band 
that oscillates around 1,000 |Lig/L, with a slight 
decrease in concentrations beginning in 1987 
and continuing through early 1989, and a

general increase thereafter. Samples collected 
from well D-191 in the spring of 1992 had 
relatively low concentrations of TCE.

The water-quality data for samples 
collected at many of the wells show that the 
concentration of TCE generally stays within 
relatively narrow ranges (1 or 2 orders of 
magnitude) over periods of several years, 
although these ranges may vary considerably 
from one well to another. Reported 
concentrations, including nondetections, of 
TCE in water samples collected from three 
nearby unnumbered wells at 159, 174, and 188 
Main St. are shown in figure 27. These wells 
were all sampled a minimum of 20 times 
between February 1985 and August 1993. 
These data were selected to graphically 
illustrate how TCE concentrations in water 
samples from individual wells commonly 
appear to stay within a defined range and that 
these ranges may differ by about an order of 
magnitude.

Several patterns in the concentration of 
TCE in ground water are shown by the data 
from other bedrock wells in the Durham 
Center area (Metcalf and Eddy, 1994, 
appendix L). Some patterns are of concern 
because they indicate limited data that may 
lead to erroneous conclusions about long-term 
trends, depending on sampling periods and 
frequency. For example, data on TCE in water 
samples collected from unnumbered wells at 
133 Maple Ave., 188 Main St., 199 Main St., 
and 202 Main St., located in figure 28, show 
periods of several months during which 
concentrations were consistently low (even 
less than the drinking water MCL of 5 (ig/L) 
that are interrupted by significant increases. 
The concentrations reportedly increased most 
dramatically at 199 Main St., where in 1992 
the concentration of TCE rose from 17 to 
4,995 |LLg/L and then declined to 8 |LLg/L 
between successive sampling events (Metcalf 
and Eddy, 1994, appendixes K and L).
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72°41 72°40f30"

0

EXPLANATION

O Well where trlchloroethene was not detected 
In water sample (s)

Well where concentration of trlchloroethene In 
water sample (s) was less than 5 micrograms per liter

41°29'

3 Well where concentration of trichforoethene In 
water sample (s) was 5 to 100 micrograms per liter

Well where concentration of trichloroethene in 
water sample (s) was 101 to 1.000 micrograms per liter

Well where concentration of trlchloroethene In 
water sample (s) exceeded 1,000 micrograms per liter

The number (1) next to the symbols indicates: 
well taps till

1 28'30"

1
500 1.000 FEET 

I______I

150 300 METERS

Rgure 22. Concentrations of trichloroethene in water samples from
bedrock wells in the Durham Center area, Durham, Conn., January 1982-February
1983.
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41°29'

41 28'30"

7240'30"

EXPLANATION

O Well where trichloroethene was not detected 
in water sample (s)

(3 Well where concentration of trichloroethene In 
water sample (s) was less than 5 micrograms per liter

d Well where concentration of trichloroethene In 
water sample (s) was 5 to 100 micrograms per liter

Q Well where concentration of trichloroethene in
water sample (s) was 101 to 1,000 micrograms per liter

0 Well where concentration of trichloroethene In
water sample (s) exceeded 1,000 micrograms per liter

,

500 1.000 FEET

150 300 METERS

Figure 23. Maximum concentrations of trichloroethene in water samples 
from bedrock wells in the Durham Center area, Durham, Conn., 
January 1993-June 1993.
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72*40*30"

41*29"

41 28'30" -

Base from U.S. Army Corps of o
Engineers, Durham Meadows \-
1:1.200.1992 o
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I

T 
300 METERS
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NATIONAL GEODETIC VERTICAL DATUM OF 1929

Figure 28. Locations of bedrock wells in the Durham Center area, Durham, Conn., for 
which long-term water-quality data are shown in figures 24-27.
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CONCEPTUAL MODEL OF THE 
MOVEMENT AND FATE OF ORGANIC 
CONTAMINANTS IN GROUND WATER

The current lack of information about the entry 
of organic chemicals into the subsurface, the 
physicochemical properties of the organic 
chemicals, and the complex geohydrology of 
the area preclude any reliable diagnosis of the 
movement and fate of the organic 
contaminants in the Durham Center area at this 
time. However, the knowledge of regional 
geology gained through this study and from 
earlier investigations (Simpson, 1968a, 1968b 
and LeTourneau, 1985), the information from 
hydrogeologic site studies by Leggette, 
Brashears, and Graham, Inc. (1982) and Roux 
Associates Inc. (1983, 1988, 1990a), and 
research on the movement and fate of NAPL's 
in the subsurface by Schwille (1988) and more 
recently by others such as Mercer and Cohen 
(1990); Kueper and others (1992); Bishop and 
others (1993b); Bourg and others (1993); 
Burston and others (1993); Lerner and others 
(1993a);Mouvet and others (1993); Parker and 
others (1993); and VanderKwaak and Sudicky 
(1993) allow for development of a credible 
conceptual model of the movement and fate of 
organic contaminants in this area. The 
development of this conceptual model is based 
on several assumptions:

(1) The principal points of entry to the 
subsurface of the organic compounds are on 
the properties occupied by Durham 
Manufacturing Co. and Merriam 
Manufacturing Co. The organic compounds 
were released in accidental spills or leaks or in 
wastewater discharged to lagoons and 
subsurface disposal systems. This assumption 
is consistent with information compiled by the 
DEP, although other possible sources have 
been noted.

(2) The organic compounds entered the 
subsurface 'and reached the saturated zone in 
both aqueous and nonaqueous phases.

(3) The till and bedrock have both 
primary and secondary porosity and 
permeability. Most water and contaminants 
move through networks of interconnected 
openings (fractures and openings along 
bedding planes) but minor flow and transport 
take place through the intergranular matrices 
of the till and sedimentary bedrock.

(4) An unconfined, shallow ground-water 
flow system is present in most, if not all, of the 
Durham Center area. The water table in this 
system is a subdued reflection of the land- 
surface topography.

(5) The shallow ground-water flow 
system is superposed on a deeper, 
intermediate- or regional-scale flow system. 
Under natural conditions, ground-water flow 
and contaminant transport in this larger flow 
system would be westward toward the 
Coginchaug River and adjacent wetlands.

(6) The bedrock through which ground 
water flows is a heterogeneous system, where 
steeply dipping fractures interconnect 
openings along gently dipping bedding planes 
or highly fractured beds. Wells also serve to 
connect different water-yielding zones in the 
bedrock that might otherwise be hydraulically 
isolated from each other. The preferential 
directions of flow and transport coincide with 
the direction of the strike of a large fault; the 
dominant directions of the strike of smaller, 
steeply dipping fractures, some of which may 
also be faults; and the strike direction of the 
beds of sedimentary rock.

(7) Hydraulic gradients, and 
consequently directions and rates of flow and 
transport within this system, are strongly 
affected by the widespread cyclical pumpage 
of ground water.

The block diagram shown in figure 29 is 
an idealized representation of those parts of the 
geologic sections B-B1 and C-C (figs. 8 and 
11) that transect the Durham Manufacturing 
Co. and Merriam Manufacturing Co. proper 
ties. The block diagram provides a physical
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framework for discussing the conceptual 
model of the subsurface movement and fate of 
organic contaminants. The geohydrologic set 
tings at these two manufacturing facilities are 
similar in many aspects. At Durham Manufac 
turing Co., an estimated 7 to 18 ft of till over 
lies sedimentary bedrock. The saturated 
thickness of this till ranged from 0 to 10 ft in 
August 1982, shortly after wells D-193 to 199 
were constructed (Leggette, Brashears, and 
Graham, Inc., 1982), and can be several feet 
greater, as evidenced by the higher water-lev 
els in those wells in March 1983 (Robert 
LaMonica, Leggette, Brashears, and Graham, 
Inc., written commun., 1983). The till at Mer- 
riam Manufacturing Co. is about 4 to 20 ft 
thick, and water-level measurements in test 
pits and shallow borings show that the water 
table is commonly within the bedrock and the 
till is either unsaturated or thinly saturated (a 
saturated zone of up to 3 ft) (Roux Associates 
Inc., 1983; 1990a; 1990b). Water-table fluctua 
tions of several feet are common in the till (fig. 
9) and the saturated thickness may vary from 
the observed values.

The conceptual model of contaminant 
transport and fate and subsequent discussions 
focus on the type of organic halides that have 
produced the most significant effect on 
ground-water quality. These compounds, 
which include TCE, 1,1,1-TCA, and PCE, and 
several of their degradation products, are all 
denser and less viscous than water, are rela 
tively mobile in ground-water flow systems, 
and commonly degrade into progressively less 
chlorinated compounds. Less attention is given 
to the lighter aromatic compounds, such as tol 
uene and benzene, although they have been 
locally detected in ground-water and samples 
of soil and glacial sediments. These com 
pounds were detected in relatively few ground- 
water samples and, except in samples from 
wells at Merriam Manufacturing Co. (Roux 
Associates Inc., 1988; Metcalf and Eddy, 
1994, appendix F), concentrations generally

were much lower than USEPA-established 
MCL's for drinking water.

The conceptual model considers the 
movement and fate of the organic compounds 
first in the unsaturated zone and then in the sat 
urated zone. The entry of the organic com 
pounds from surface spills and leaks or from 
open pits and subsurface wastewater-disposal 
facilities is shown in figure 29. In the event of 
a spill or leak, the organic compound would 
initially percolate through a layer of disturbed 
earth or fill (labeled A in fig. 29) that is con 
ceptualized as a porous medium. At Merriam 
Manufacturing Co. this layer is generally 
about 3 ft thick, but may locally be thicker at 
the dry well and leaching field locations 
described by Roux Associates Inc. (1990a). A 
comparable average thickness of 3 ft is 
assumed for this layer at Durham Manufactur 
ing Co. The organic compounds would move 
downward through this material under the 
influence of gravity, but part of the mass would 
be retained as immobile blobs or ganglia 
within pores and other openings. This residual 
saturation can be high in porous media for at 
least some organic halides and increases with 
decreasing hydraulic conductivity (Schwille, 
1988). The retained liquid is subsequently lost 
as it vaporizes or is slowly dissolved by infil 
trating water and transported downward into 
deeper parts of the unsaturated zone. The 
vapor can move laterally in all directions 
thereby transporting some of the contaminants 
away from the source and may be dissolved in 
downward percolating precipitation or move 
upward and escape to the atmosphere.

The next subsurface layer (labeled B in 
fig. 29) is composed of compact lodgment till 
that extends down to the sedimentary bedrock 
(labeled C in fig. 29). The water table is 
believed always to be located in the till on the 
Durham Manufacturing Co. property except 
along the western margin near Route 17
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Figure 29. Idealized block diagram representing the physical framework for a 
conceptual model of contaminant fate and transport at Durham Center, Durham, Conn.
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where it is sometimes in the bedrock. The till 
beneath most of the Merriam Manufacturing 
Co. property may be saturated only when the 
water table is much higher than average at 
other times the water table is beneath the 
bedrock surface except in the wetlands east of 
the facility. A thick capillary fringe probably 
exists above the water table at both locations

Any NAPL that percolates through the 
fill and soil at a spill site or accumulates at the 
bottom of an open pit or subsurface disposal 
system could enter the underlying till. 
Although fracturing has not been reported in 
till at either manufacturing facility, it is 
assumed to be present because fractured lodg 
ment till is common in this part of Connecti 
cut. Accordingly, the downward movement of 
NAPL's or dissolved organic compounds in till 
is seen as being almost entirely through a net 
work of interconnected, small-aperture frac 
tures and other secondary openings, such as 
root casts. Some lateral spreading is likely at 
the top of the till and, where the pores or frac 
tures contain water, the capillary pressure at 
the entrance to the opening would exceed the 
entry pressure (Kueper and others, 1992). 
Movement of NAPL's within the till would be 
lateral where vertical or steeply dipping frac 
tures intersect the more numerous subhorizon- 
tal fractures. Some lateral spreading also takes 
place at the base of the unsaturated zone (the 
water table or the top of the capillary fringe, 
where present).

Some of the NAPL would volatize in the 
unsaturated zone and the vapor would move 
away in all directions. Vapor would be prefer 
entially transported through the more perme 
able fractures or any other type of secondary 
openings, but some vapor would enter and 
move through the till matrix. Part of the mass 
of NAPL is retained at residual saturation lev 
els in the unsaturated, fractured till, but the 
total amount retained is small in comparison to 
an equivalent volume of porous media 
(Schwille, 1988). In the case of DNAPL's, the 
retention is in the form of films or blebs on the

surfaces of the fractures. A fluctuating water 
table could remove some of the residual 
DNAPL and transport it deeper into the satu 
rated zone. Transient retention of dissolved 
organics that are able to enter the low-perme 
ability till matrix would also take place; the 
effects of this contaminant retardation on the 
quality of water and glacial sediments are 
unknown.

Although the movement and fate of 
LNAPL's are not the focus of this conceptual 
model, it should be noted that their downward 
movement ends at the water table or capillary 
fringe. If the LNAPL is transported that far, it 
will (1) dissolve in water at the interface 
between the floating lens of organic liquid and 
underlying ground water, (2) move as a lens in 
the direction of the water-table gradient, or (3) 
vaporize and move into the unsaturated zone.

Below the water table, or capillary 
fringe, the processes affecting DNAPL move 
ment and retention differ somewhat from what 
has been described. The migration through 
fractures in the unsaturated till is shown in fig 
ure 29 as being relatively uniform. Below the 
water table, the migration is conceptualized as 
less uniform, because of the higher entry pres 
sures required to move DNAPL into a water- 
filled fracture and the reduction in the volumes 
of DNAPL resulting from residual saturation. 
There is continued dissolution and diffusion 
into the till matrix. The dissolved mass is 
transported downgradient with the flowing 
ground water, resulting in a contaminant 
plume. At Durham Manufacturing Co., the 
horizontal gradient in the upper part of the sat 
urated zone is eastward toward Ball Brook. 
The direction and magnitude of vertical gradi 
ents have not been determined, but significant 
downward gradients are likely where water 
levels in the bedrock are lower than the water 
table in till because of pumping bedrock wells.

Most ground water in the till would flow 
through the fractures; very little would flow 
through the low-permeability matrix. The dis 
solved constituents, however, would diffuse
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into or out of the till matrix, depending on their 
concentrations in water within fractures and 
water within the adjacent matrix. During a 
period of several years during which ground- 
water transport was continuous, a large mass 
of dissolved organic constituents could have 
accumulated in the till matrix.

DNAPL'S would also be retained in the 
saturated zone (residual saturation). 
Vaporization would not occur, and any 
reduction in the mass of DNAPL would result 
from dissolution and microbial degradation. 
Microbial degradation would likely be a 
principal means for the removal of DNAPL's 
and dissolved-phase organic compounds from 
the saturated zone.

Whether the organic halides and other 
organic compounds that are found within the 
bedrock-aquifer system entered the bedrock in 
the nonaqueous phase is unknown. The 
conceptual model considers entry of both 
aqueous and nonaqueous phase organic 
compounds into the bedrock. The likelihood of 
direct entry of nonaqueous phase liquids, 
particularly DNAPL's, is high in view of 
several factors that have been already cited, 
such as the long history of use prior to 
elimination or reduction of wastewater 
discharges, the ability of even small volumes 
of DNAPL's to migrate a great distance 
through low-porosity material such as 
fractured till, the relatively shallow depth of 
the bedrock, and the ability of a fluctuating 
water table to transport residual DNAPL 
deeper into the unsaturated zone.

The entry of dissolved organic 
compounds into the bedrock at the Durham 
Manufacturing Co. would be controlled by 
local hydraulic gradients. No data on the 
direction and magnitude of hydraulic gradients 
between the saturated till and underlying 
bedrock are known to have been collected at 
this locale. However, the pumpage of the 
Durham Manufacturing Co. supply well 
(USGS well D-212 in fig. 7) can produce 
substantial drawdown and water levels in

bedrock wells in the area are commonly 
several feet lower than the bedrock surface 
(Leggette, Brashears, and Graham, Inc., 1982). 
This pumpage may locally result in large 
vertical hydraulic gradients and downward 
flow between saturated till and bedrock.

Any DNAPL that penetrated the entire 
thickness of till at this location would likely 
continue its vertical migration into the 
underlying fractured shales and sandstones. 
Lateral flow down the slope of the bedrock 
surface would continue until a permeable 
fracture was encountered. Some DNAPL could 
be retained in pools formed by depressions on 
the surface of low-permeability bedrock. Once 
in the bedrock, the DNAPL would move 
downward through the network of 
interconnected open fractures and bedding 
planes until its source was exhausted. The 
processes affecting movement and retention in 
the bedrock are similar to those in fractured 
till. The direction of movement would be 
largely controlled by the orientation of 
fractures and bedding planes. The orientations 
that have already been described include 
fractures that commonly strike northeastward 
and dip steeply to the southeast and northwest 
(figs. 10 and 16); beds that strike NNW and 
dip gently eastward, and the fault that crosses 
the Durham Manufacturing Co. property, 
which strikes northeastward and dips steeply 
to the northwest.

DNAPL in the bedrock could be retained 
as blebs or films on fracture surfaces or 
accumulations trapped in closed-end fractures 
and bedding-plane openings. The residual 
DNAPL would be subject to dissolution into 
ground water flowing through the fracture 
network and might also be mobilized by 
fluctuating water levels.

The organic compounds that enter bed 
rock in the aqueous phase, or are dissolved in 
ground water after entry, are transported away 
from the source areas, resulting in a plume (or 
plumes) of degraded ground water. Most flow 
of ground water and transport of dissolved
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organic constituents is through the network of 
interconnected fractures and bedding plane 
openings and is affected by the degree of con 
nectivity of the openings and the variation in 
aperture along fracture or bedding planes. 
Minor flow and transport take place through 
the rock matrix, particularly through the 
matrix of more permeable sandstone layers. As 
in the case of till, dissolved organic com 
pounds diffuse into the rock matrix from the 
ground water flowing through open fractures 
and bedding planes. Diffusion may greatly 
retard the movement of the mass of dissolved 
organic constituents through the bedrock-aqui 
fer system, particularly in areas where the rock 
has high intergranular (matrix) porosity and 
the ground water in the fractures has high con 
centrations of organic compounds. This diffu 
sive interchange of organic halides between 
fractures and the rock matrix has been identi 
fied by Bishop and others (1993a) as an impor 
tant process in similar sedimentary rocks that 
are contaminated with TCE. The net effect is 
to extend the length of time during which con 
taminated ground water is present. Sorption of 
dissolved organics on carbonaceous material 
present in gray and black siltstone and shale 
units is also possible, but sorption would be 
minimal in the other sedimentary rocks (Bourg 
and others, 1993).

Cyclical pumping of wells at Durham 
Manufacturing Co. and Merriam Manufactur 
ing Co. results in the flow of ground water 
toward these pumping centers. At other times, 
when the plants are not operating, the pumping 
of domestic wells along Main St. and Maple 
Ave. affects the pattern of ground-water flow 
in the Durham Center area. The predominant 
northeast-southwest orientation of fracture 
zones, the north to slightly west of north strike 
of bedding and some fractures, together with 
the pumping-induced gradients, have appar 
ently resulted in preferential movement of dis 
solved contaminants to the southwest and 
south of the source areas. The water-quality 
data indicate that little transport occurs to the 
west, which under natural conditions is

believed to be the general direction of ground- 
water flow in the regional bedrock flow sys 
tem. Degradation of at least some of the 
organic halides in the ground water is shown 
by the presence of simpler (less chlorinated) 
compounds, such as cis-l,2-DCE. In the con 
ceptual model, microbial degradation (biodeg- 
radation) is considered the most likely 
mechanism for long-term attenuation of the 
organic contaminants. The rates at which 
attenuation would occur and its effect on the 
potability of the water are unknown.

The conceptual model described herein 
is a general and, to some extent, speculative 
one. An improved understanding of water- 
quality degradation in the area would require 
additional data and new investigative tech 
niques. Additional comprehensive water-qual 
ity analyses of samples from existing wells, 
including analyses for organic halides that are 
degradation products, and effective and well- 
documented sampling protocols and quality- 
assurance procedures are the most essential 
requirement for assessing the magnitude of 
contamination. Data on the depths and open 
intervals of all monitored wells are also 
needed.

Other techniques or information that 
could provide additional insight on the three- 
dimensional distribution of organic halides and 
the complex hydrogeology controlling their 
movement include the following:

(1) Collection and analysis of continuous 
core samples of till and bedrock, particularly 
in areas where contaminants may have been 
introduced into the subsurface. Analyses of 
pore fluids from these cores would provide 
information on the presence or absence of 
DNAPL's, concentrations of dissolved organic 
compounds in water from the till and rock 
matrices, and the importance of the process of 
diffusion in retarding contaminant transport. 
The core samples also could be used to deter 
mine intergranular (matrix) porosity and 
hydraulic conductivity.
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(2) Additional borehole-geophysical sur 
veys, particularly acoustic-televiewer logs and 
heat-pulse flowmeter measurements made 
under ambient and pumped conditions. Other 
newer borehole-logging techniques, such as 
borehole radar (Olsson and others, 1992) and 
borehole seismic tomography (Wright and oth 
ers, in press), can determine the extent and 
interconnection of fractures over relatively 
large distances (greater than 100 ft in some set 
tings). These logs, together with enhanced 
television images, would allow refinement and 
extension of bedrock lithologic and structural 
interpretations.

(3) Accurate head measurements to 
define natural and induced vertical and hori 
zontal gradients in the till and bedrock. These 
measurements would require temporary cessa 
tion of ground-water withdrawals from the 
bedrock and (or) controlling withdrawal rates, 
which would be difficult. Delineation of head 
changes would also require use of packers to 
isolate zones within well bores.

(4) Hydraulic tests and forced-gradient 
tracer tests to determine bulk permeability of 
the bedrock, the hydraulic conductivity of 
individual fractures or fracture zones, and the 
interconnection of fractures. Cross-borehole 
flow tests together with borehole geophysics

are reportedly effective in identifying hydrau 
lic connections between fracture zones (Paillet, 
1993).

(5) Collection and analysis of water sam 
ples from isolated zones of water inflow and 
outflow in bedrock wells. The resulting infor 
mation would help define the vertical distribu 
tion of contaminants in the bedrock-aquifer 
system.

Much of the needed information can be 
obtained only by drilling additional holes, 
which could conceivably facilitate an increase 
in the extent of contamination of the bedrock- 
aquifer system. A sequential procedure for 
investigating contamination by organic halides 
in areas geohydrologically similar to Durham 
Center has been recommended by Lerner and 
others (1993b). This procedure attempts to 
minimize the spread of contamination by ini 
tially drilling outside of contaminated areas. 
Within or near to contaminated areas, drilling 
methods that prevent the possibility of cross- 
contamination are used. One such method 
involves incremental drilling that stops at each 
low-permeability zone. Casing is extended to 
the low permeability zone; the basal part of the 
hole is then plugged and drilling is continued 
throughout the plug.
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SUMMARY AND CONCLUSIONS

Widespread and persistent contamination 
of ground water beneath Durham Center is 
well documented by analytical data. The prin 
cipal contaminants are organic halides, most 
commonly TCE, 1,1,1-TCA, and PCE. 
Organic halides in water from the sedimentary 
bedrock aquifer at concentrations that exceed 
the U.S. Environmental Protection Agency 
maximum contaminant levels for drinking 
water are a major environmental concern. Less 
extensive contamination of surface water, soil, 
and glacial sediments also has been observed. 
Two manufacturing companies, in the northern 
and southern parts of this area, were identified 
by the Department of Environmental Protec 
tion in 1982 as the principal sources of the 
organic contaminants, although other possible 
sources have been noted. Discharge of waste- 
water into subsurface disposal systems has 
undoubtedly redistributed organic contami 
nants at some locations.

The regional and local geohydrology of 
the area is highly complex with respect to the 
lithology, structural features, hydraulic proper 
ties, and the flow of ground water in the 
unconsolidated glacial deposits and sedimen 
tary rocks. Compact lodgment till, 5 to 30 ft 
thick, overlies the bedrock at Durham Center, 
whereas stratified-drift deposits are present 
only in valleys to the east and west. The till is 
believed to be fractured, on the basis of obser 
vations at nearby exposures. The bedrock con 
sists of a sequence of layered sedimentary 
rocks; highlands to the east of Durham Center 
are underlain by crystalline rocks.

The sedimentary bedrock is lithologi- 
cally heterogeneous and is composed mainly 
of red fluvial sandstone, siltstone, and con 
glomerate; locally interbedded with gray 
lacustrine sandstone and black shale. The 
sandstone units are largely composed of 
quartz, feldspar, and metamorphic rock frag 
ments with albite and carbonate cements. 
Organic carbon is present in the lacustrine

units, where it reportedly ranges from 1 to 4 
percent by weight.

The sedimentary rocks have a generally 
northward strike and a gentle eastward dip. At 
least one high-angle normal fault cuts the bed 
rock beneath Durham Center. This fault, 
termed the Ball Brook fault in this report, 
strikes northeast and dips to the northwest. The 
presence of this fault, initially inferred from 
regional geologic information, has been cor 
roborated in this study by surface-geophysical 
surveys. Additional faults may also cut the 
rocks in this area but have not been confirmed 
by geophysical methods. Acoustic-televiewer 
logs, measurements made at outcrops near 
Durham Center, and azimuthal, square-array 
de-resistivity soundings indicate that fractures 
in these rocks have a dominant northeast strike 
and dip steeply to the northwest and southeast.

Recharge to till and bedrock is estimated 
to average about 8 in/yr on the basis of studies 
elsewhere in Connecticut. Both till and sedi 
mentary bedrock are dual-porosity, dual-per 
meability media; most flow is through 
networks of interconnected fractures but some 
flow is also through the granular matrix of 
these materials. The hydraulic conductivity of 
the bulk mass of till is generally a few tenths of 
a foot per day to about 2.5 ft/d, but the hydrau 
lic conductivity of the till matrix is one to two 
orders of magnitude less. Average total poros 
ity of the till matrix is about 25 percent; frac 
ture porosity is currently unknown but is 
probably small (less than 1 percent). Transmis- 
sivity and storativity of the sedimentary bed 
rock have been estimated at many well sites, 
based on analysis of aquifer tests and specific- 
capacity data. These analyses assume artesian 
conditions and result in estimated transmissivi- 
ties that range from less than 1 ft2/d to about 
1,700 ft2/d and estimated storativities that 
range from 10"5 to 10"4 . The accuracy of these 
estimates is uncertain, largely because field 
conditions failed to meet assumptions inherent 
in the methods of analyses. The intergranular 
porosity is estimated to average about 5 per-
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cent in the sandstones and siltstones on the 
basis of measurements made elsewhere in 
Connecticut. The fracture porosities of 1.1 and 
2.7 percent were estimated from square-array 
de-resistivity sounding data but these values 
may be too high because the analytical method 
assumes all anisotropy is caused by fractures.

A local ground-water-flow system is in 
the upper part of the saturated zone with a 
water-table configuration that is generally 
undefined but is likely a subdued reflection of 
the topography. Ground-water discharge from 
this flow system, under natural conditions, is to 
adjacent streams such as Ball Brook, Hersig 
Brook, and Allyn Brook. Water-level observa 
tions made at many locations over several 
decades indicate that the depth to the water 
table may vary from less than 3 ft to 26 ft, and 
the water table may be in the bedrock at some 
sites.

A larger-scale ground-water-flow system 
in the bedrock is evidenced by the transport of 
organic contaminants beneath topographic 
highs that define surface-water drainage 
divides in the Allyn Brook basin. Ground- 
water flow in the bedrock, however, is poorly 
understood, and the bedrock shows features of 
both a single unconfined aquifer and a multi- 
unit artesian or leaky-aquifer system. The 
numerous bedrock wells have changed the nat 
ural flow system by altering the direction and 
magnitude of hydraulic gradients and connect 
ing fractures that were hydraulically isolated. 
Neither the details of the ground-water flow 
paths nor the nature of the aquifer system can 
be resolved without additional data.

The contaminants at Durham Center are 
principally organic halides that are volatile, 
denser than water, and only slightly soluble in 
water. These compounds are likely to have 
entered the subsurface as DNAPL's. Analytical 
data currently available are insufficient for a 
comprehensive assessment of water quality. 
Data on surface-water quality are sparse, but 
recent (1993) analysis of samples collected 
during a low-flow period indicate that degrada

tion of streams by organic halides is minimal. 
Most ground-water analyses are insufficient to 
evaluate water quality because concentrations 
of only a few compounds, primarily TCE, 
1,1,1-TCA, and PCE, are reported. These data 
show that concentrations of organic halides in 
ground water from bedrock can differ consid 
erably from one place to another as well as 
with time. Several general patterns are present, 
but at most wells, the concentrations show a 
relatively narrow range of fluctuation (one or 
two orders of magnitude) during periods of 
several years. Some degradation to less chlori 
nated compounds has also taken place as evi 
denced by the presence of compounds such as 
1,1 DCE.

The geohydrologic and water-quality 
information collected at Durham Center, 
together with recent research on the subsurface 
transfer and fate of organic halides in ground 
water, have been used to develop a conceptual 
model of the transport and fate of organic con 
taminants in this area. Several conclusions, 
some of which are speculative, have been 
derived from this conceptual model. These 
conclusions are as follows:

(1) The principal ground-water contami 
nants are dense, low-solubility compounds. 
The documented long period of use and past 
handling and disposal practices at Durham 
Manufacturing Co. and Merriam Manufactur 
ing Co., and relatively high concentrations in 
some samples of ground water from shallow 
wells, make it likely that DNAPL's were, and 
may still be, present in subsurface materials, 
although none have been observed.

(2) The persistence of high concentra 
tions of organic halides in ground water from 
several bedrock wells located near purported 
sources indicates that there is some mechanism 
for contaminant retention. This mechanism 
could be residual saturation by DNAPL's in 
open pores in the upper part of the till, in frac 
ture planes in deeper parts of the till, or in frac 
ture planes in the bedrock; diffusion into the 
intergranular pores of the till and (or) bedrock;
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or temporary sorption on carbonaceous mate 
rial and mineral surfaces. Residual saturation 
of till or bedrock has not been identified near 
any of the source areas but the possibility can 
not be overlooked. Detection of DNAPL resid 
ual saturation in the fractured till or fractured 
bedrock could be difficult. The most probable 
mechanism for retaining dissolved organic 
contaminants in the saturated till or bedrock is 
matrix diffusion. The significance of this pro 
cess in retarding contaminant movement has 
been identified in several of the studies cited in 
this report. Diffusion into the till or rock 
matrix, particularly into the more porous, 
coarse-grained layers of bedrock, could like 
wise result in significant retention and retarda 
tion of dissolved-phase constituents at Durham 
Center.

(3) An alternative explanation for the 
persistence of high concentrations of organic 
halides in ground water namely, continued 
release from known or unknown sources is 
possible. The water in the unlined, artificial 
pond east of Durham Manufacturing Co. 
reportedly had low concentrations of organic 
halides that could be transported into the 
subsurface. In the nonaqueous phase, these 
compounds could sink, accumulate on the 
pond bottom, and then enter the subsurface as 
DNAPL's.

(4) The transport of dissolved organic 
halides is affected by the structural features of 
the sedimentary bedrock. Preferential move 
ment to the south and southwest of the pur 
ported source areas is coincident with the 
strike direction of the Ball Brook fault, the 
dominant and secondary strike directions of 
high-angle fractures, and the general strike 
direction of bedding. On the smaller scale, evi 
dence indicates that ground water and associ 
ated dissolved contaminants flow through both 
the high-angle fractures and openings along 
gently dipping bedding planes.

(5) The flow of ground water and trans 
port of dissolved organic compounds have also 
been affected by pumping from the numerous 
bedrock wells in this area. Results of aquifer 
tests indicate that some wells are hydraulically 
connected by the fracture network whereas 
others are not. Wells serve to connect fractures 
that were formerly isolated, as evidenced by 
heat-pulse flowmeter measurements made 
under ambient conditions. Pumpage also 
affects ground-water flow and contaminant 
transport by creating or altering hydraulic gra 
dients. Large withdrawals, such as at Durham 
Manufacturing Co., can affect hydraulic head 
over distances of several hundred feet.
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APPENDIX 1: Borehole-Geophysical Logs

(See fig. 8 for well locations and fig. 10 for interpreted lithologic logs.)
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